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20. ABSTRACT (Continued).

operations. This report contains information which will be helpful to both
personnel working in water quality laboratories and to personnel responsible
for monitoring water quality laboratory contracts.

‘Many information sources are given to include contacts with the US
Environmental Protection Agency, US Geological Survey, and the CE. Many basic
references are also given which cover all aspects of water quality laboratory
operations.

Techniques in sample collection and sample handling are given along with
recommended and approved methods for sample analysis. There is a section
addressing laboratory quality assurance and quality control which can be used
from both an operational and monitoring standpoint.

A survey of CE water quality laboratory capabilities was taken and the
results are presented. From the survey the most often performed analyses in
CE laboratories were obtained. A discussion of these analyses and potential
problems with these analyses is presented.‘
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PREFACE

This report was prepared at the US Army Engineer Waterways Experiment
Station (WES), Vicksburg, Miss., from October 1983 to September 1984. Study
information was received from personnel of the Environmental Laboratory (EL)
Analytical Laboratory Group (ALG): Mmes. A. B. Strong, L. K. Stevenson,

A. F. Duke, J. M. Christian, E. M. McLemore, K. F. Myers; and Messrs. R. A.
Karn, D. R. Brown, G. M. Warren, W. L. Tyler, Jr., and B. N. Brown,

Messrs. M. John Cullinane, Jr., and Jerry N. Jones, of the Water Supply and
Waste Treatment Group (WS&WTG), performed the literature review and wrote the
report.

The study was under the general supervision of Mr. N. R. Francingues, Jr.,
Chief, WS&WIG; Mr. A. J. Green, Jr., Chief, Environmental Engineering Divi-~
sion; and Dr. J. Harrison, Chief, EL.

Funding for the study was provided by the Office, Chief of Engineers
(OCE), and the OCE Technical Monitor was Mr. B. V. Moran.

During the preparation of this report, COL Tilford C. Creel, CE, and
COL Robert C. Lee, CE, were Commanders and Directors of WES and Mr. F. R.
Brown was Technical Director. At the time of publication, COL Allen F. Grum,

CE, was Director and Dr. Robert W. Whalin was Technical Director.

This report should be cited as follows:

Jones, J. N., and Cullinane, M. J., Jr. 1985. "Guidelines for Water

Quality Laboratory Operations," Technical Report EL-85-7, US Army
Engineer Waterways Experiment Station, Vicksburg, Miss.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non~-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
cubic feet 0.02831685 cubic metres
b feet 0.3048 metres
; inches 25.4 millimetres
linear feet 0.3048 metres
square feet 0.09290304 square metres
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GUIDELINES FOR WATER QUALITY LABORATORY OPERATIONS

PART I: INTRODUCTION

Background

1. Corps of Engineers (CE) requirements for the analysis of water qual-
- ity samples are satisfied through the use of a combination of in-house and
contract services. The CE currently has thirteen water quality laboratories
consisting of three District laboratories, seven Division laboratories, and
i three research and development (R&D) laboratories. Analytical needs beyond
[ the capability of a specific laboratory are satisfied through special con-
E tracted services from other CE laboratories, other governmental agencies, or
commercial laboratories.
*i 2. Due to funding and personnel restrictions, CE laboratories are
! reporting a decline in their water quality analysis requirements. For most CE
laboratories, remaining at the status quo, in terms of staff and workload,
would be considered a very positive yet unrealistic outlook.

3. When consideration is given to the total CE project funding level,
$3.5 to $4 million for water quality analysis may seem rather minor. However,

when one considers the possible effects of inaccurate and imprecise data upon

DN N L

the various CE projects, the significance of the water quality analyses is
increased many times above the initial cost. It is necessary, therefore, to
make every possible effort to ensure good communication among the various CE
laboratories concerning analytical methodology problem areas and quality

assurance and quality control (QA/QC) procedures.

Objectives

4. The primary objectives of this paper are to:

a. Present information concerning analytical methodologies and
QA/QC procedures which may be helpful to the operation of CE
water quality laboratories.

o
.

Provide information on possible trouble spots to look for in the
analytical procedures most used by CE water quality laborato-
ries.

.
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. Provide information on CE water quality laboratory capabilities.

e o

Provide sources for detailed information concerning sampling,
sample handling procedures, QA/QC procedures, and analytical
methodologies.

5. A secondary objective is to improve communications among the CE
water quality laboratories. Hopefully, this report will spawn more communica-
tion between the laboratories so that the CE as a whole can be served more

effectively in the area of water quality analysis.

AEEroach

6. Fach CE District, Division, and R&D laboratory completed a survey
which outlined their major work areas and capabilities. This information was
compiled into tables for presentation. No conclusions concerning the quality
of a laboratory were intended, nor could any viable conclusions concerning
quality be drawn from the information presented.

7. A literature search was performed that accentuated two basic topics:
(a) sources of water quality analysis information, and (b) water quality sam-
ple handling and analysis techniques. These topics were emphasized in order
to produce helpful guidance for problems which may be encountered in CE water
quality laboratories. Fverything in this report will not be new or relevant
to every CE laboratory. However, if the CE water quality laboratories benefit
from even one portion of the report, the objectives will have been met and the

communication effort considered a success.

Organization of Report

8. This report is divided into five basic divisions which occur in much
the same order as the life of a water quality sample. Before a sample is
taken a water quality laboratory must plan for it and assess the laboratory's
capabilities. This step corresponds with the CE laboratory capabilities and
information sources portions of this report (Parts I1 and I1I). Sample col-
lection, preservation, and shipping are all very important in the life of a
sample and are stressed as the second major division of this report (Part IV).

Sample preparation and analysis is the next step and the third major division

of this report (Part V). Quality control and quality assurance are factors

'
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which must permeate the entire life of a sample. They are presented as the
fourth major division (Part VI) but should be foremost in the minds of every
sampler, analyst, and laboratory director, and should begin in the very early
planning stages. Part VII (the fifth major division) emphasizes potential
problem areas and interferences with the analytical process. The report con-
cludes with a summary and recommendations (Part VIII) and six appendices which
present many informational sources, publications, and approved analytical

methodologies.
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PART I1: CORPS OF ENGINEERS WATER QUALITY
LABORATORY CAPABILITIES

Rackground

9. CE water quality laboratories perform a wide range of environmental
chemical analyses. Many variables, both objective and subjective, must be
considered when assessing the capabilities of a water quality laboratory. In
this chapter an objective presentation is made of the CE water quality labora-
tories' capabilities in terms of typical analyses routinely performed, instru-
mentation and equipment, personnel, and physical size. There is no intention
nor attempt made to rank the laboratories in terms of capabilities but simply
to present some of the physical capabilities of each laboratory. In most
cases when a particular analysis is not shown for a certain laboratory the
correct assumption would be that the laboratory does not perform that analysis
on a routine basis and not that the laboratorv does not possess the capability
to perform the analysis. This is especially true for the simpier physical
analyses which are not shown for some laboratories (e.g. solids, temperature,

color, etc.).

cyjppical Analyses

10. The CE water quality laboratcries have the combined capability for
almost any standard environmental chemical analysis procedure. Tables 1-4 are
inventories of the various analvses which are rrutinelv performed by the three
District laboratories, seven Division laboratories, and three R&D laborato-
ries. Table | presents typical analytical tests for physical and microbio-
logical characteristics of ervironmental samples. Taible 2 presents typical
analytical tests for nonmetallic ions and wutrients. Table 3 presents tests
for metallic ions. Tahle 4 presents tests for tvpical organic parameters.

The numbers in parentheses in Tables l-4 indicate the total number of labo-
ratories, out of the thirteen CI water quality laborateories, which routinely

perform the indicated analysis.
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Laboratory Attributes

Instrumentation and equipment

11. Modern water quality laboratories rely heavily upon automated and
semiautomated analytical instrumentation. Tables 5 and 6 show the types of
instrumentation and general equipment found in the CE water quality labora-
tories. In Table 5, instrumentation is defined as a device designed to pro-
vide specific analytical data. In Table 6, laboratory equipment is defined as
support devices designe' to aid in the process of obtaining analytical data
but which do not directly provide the data.

Personnel

12. When one considers the magnitude of the chemical analysis effort
within the CE, the number of personnel directly concerned with chemical water
quality analysis is very limited. There are numerous reasons for the paucity

of water quality laboratory personnel but personnel cutbacks and hiring

restrictions are at the top of the list. Table 7 is a summary of personnel in
CE water quality laboratories. CE water quality laboratories employ an aver-
age of four personnel including three to four chemists and one technician,
The chief chemist generally acts as laboratory supervisor. The average
experience level of the CE water quality chemist is 10.82 years. Table 7 is
subject to change as personnel changes occur.

13. Appendix A is a listing of points of contact for CE water quality
laboratories.

Physical size

l4. Space requirements vary with the type of work being performed.
Laboratory space requirements in research laboratories should be generally
215 to 275 sq ft* per worker, while for routine analytical laboratories 160 to
215 sq ft per worker is sufficient (Grover and Wallace 1979). Table 8 shows
the available space for CE laboratories. When comparing number of personnel
with available laboratory space, the CE laboratories far exceed the require-
ments previously stated. This situation occurs most likely because of too few

personnel rather than too much laboratory space.

* A table of factors for converting non-SI units of measurement to SI
(metric) is presented on page 5.
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Table 7

Personnel Summary for CE Water Quality Laboratories

[".“-‘~'?”,".‘.‘.“V'E‘. (Rl Ot Sl A S B Sl B D i that St eoth s bin st cuns sl Y L Sl e a e aet aen e w— - — &
14
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3
4

Personnel Classification
Laboratory Chemist Technician Other Total

District Laboratories

Ty v v,y

New Orleans 2 2 - 4
St. Louis 1 - - 1
{ Kansas City 1 2 2% 5
1 Division Laboratories
i Missouri River 3 - - 3
i New England 3 1 1* 5
s North Pacific 1 1 - 2
’ Ohio River 3 1 2% 6
[ South Atlantic 1 2 - 3
g Southwest 2 - - 2
* South Pacific 2 1 - 3
; Research Laboratories
q CERL 3 - - 3
Hi CRREL 4 3 -
: WES 5 4 1t 10

e

* Biologists. X
** Co-op students.
t Mathematician.
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Table 8
Water Quality Laboratory Space Availability

Laboratory Space

Office Laboratory per Person Bench Other
Laboratory sq ft sq ft sq ft lin ft sq ft
Kansas City * 1540 308 88 -
New Orleans 360 2800 700 368 460
St. Louis 476 2000 2000 140 -
Missouri River 364 5000 1667 270 -
New England 588 2550 510 225 -
North Pacific 40 800 400 88 -
Ohio River 150 1876 313 128 -
South Atlantic 121 1739 580 125 -
South Pacific 450 2840 947 206 -
Southwest 175 2100 1050 180 -
CERL 155 925%% 308 240%% -
CRREL NRT NR NR NR NR
WES 1825 4000 400 450 -

* Included in 1540 sq ft of lab space.
** TIncludes 25 sq ft of space and 25 lin ft of bench space in mobile lab.
f NR = Not reported.

18
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PART II1: INFORMATION SOURCES FOR LABORATORY OPERATIONS

Background

15. Each CE laboratory has particular sources which are used to obtain
information on such topics as sample collection, sample shipping, sample prep-
aration, sample analysis, instrumentation, and QA/QC procedures. These
sources vary from personal contacts and publications to different governmental
agencies and private institutions. All of these topics and sources will be
discussed in this chapter and hopefully some new information will be provided
concerning sources where detailed information can be obtained on the various

daily water quality laboratory needs and problems.

Personal Contacts

16. Undoubtedly each laboratory manager, chemist, and technician has
personal contacts with which they are most comfortable and in which they place
the most confidence. This is good but a word of caution must be offered con-
cerning single sources of information. No one person knows everything about
every aspect of a water quality laboratory's operations. Therefore, multiple
sources of information should be solicited before a decision is made concern-

ing certain aspects of the laboratory operations.

Government Agencies

Corps of Engineers

17. Some of the best sources of information are found in Appendix A
which is the CE Water Quality Laboratories Points of Contact. Contrary to
popular opinion, most problems encountered in the CE District and Division
laboratories have at one time or another confronted one or all of the other CE
District and Division laboratories. It therefore remains an enigma as to why
there is not more consistent communication between laboratories within the CE.
1f the points of contact found in Appendix A are not completely familiar with
a particular problem, in most cases one can be put in contact with someone

else in the CE who 1s familiar with or has experienced the problem in question.
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US Environmental
Protection Agency (USEPA)

18. The USEPA has the national policy-setting responsibility concerning
matters related to water quality analyses and criteria. It is therefore logi-
cal that the USEPA would not only be a good source but a necessary source of
information for all CE water quality laboratories. Appendix B is a listing of
all the USEPA Regional QA Coordinators along with a map illustrating the ten
Federal USEPA Regions.

19. USEPA Regional QA Coordinators for water and air are responsible
for QA/QC activities in their respective region. They maintain liaison with
the USEPA Environmental Monitoring and Support Laboratory (EMSL) in Cincinnati,
Ohio; perform advisory and working group activities for methods selection; and
are key persons for disseminating information on such matters as new or
revised analytical methods, publications, and QC samples. Regional QA Coordi-
nators can provide information about the USEPA Quality Control Sample Program
and the USEPA Repository for Toxic and Hazardous Materials.

20. Appendix C is a listing of all EPA Technical Information Program
Managers and the Technical Information Managers at the various USEPA Environ-
mental Research Laboratories throughout the country. These people are at
least good starting points for obtaining technical information concerning
water quality laboratory operations.

US Geological Survey (USGS)

21. Another government agency which is a good source of water quality
information is the USGS. The best information sources within USGS include:

US Geological Laboratory
Denver Central Laboratory
5293 Ward Road

Ervada, CO 80002

FTS: 234-4992

COML: 303-234-4992

US Geological Survey

National Water Quality Laboratory
6481 Peach Tree Industrial Blvd.
Suite H

Doraville, GA 30340

FTS: 242-4806

COML: 404-221-4806

20
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US Geological Survey Library - Distribution
950 National Center

Reston, VA 22092

FTS: 928-6673

COML: 703-860-6673

US Geological Survey
Quality of Water Branch
412 National Center
Reston, VA 22092
FTS: 928-6834
COML: 703-860-6834
22. Appendix D presents additional USCGS information sources. These
sources range from the USGS Headquarters in Reston, Va., to the various
regional hydrologist and research hydrologist offices throughout the United
States. The most important USGS informational sources to CE water quality
laboratories will most likely be the previously mentioned USGS National Water
Quality Laboratories in Denver and Atlanta.
23. These agencies are not the only ones with available information but

they are normally considered the major sources of water quality information

within the government.

24, Each CE District and Division water quality laboratory should
strive to improve communications with information sources within the District

and Division jurisdictional toundaries. These information sources might

include:
a. Federal government agencies.

- b. State government agencies.

,} c. Colleges and universities. i
‘i d. Research institutes. ;
d e, Private contract laboratories. ;
o i
S

Publications

Basic references

25. There are numerous publications available which address the many

phases of the life of a sample before the actual evaluation of sample data

(e.g. collection, shipping, preparation, analysis, and associated QA/QC proce-
dures). Since each CE water quality laboratory has different personnel, it

will develop its own characteristic personality, idiosyncrasies, and mode of
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operation. In order for CE laboratories to maintain as much consistency as

ossible, certain "standard" publications should be used and incorporated into
p

standard operating procedures. The "Basic References'" section of Appendix E
addresses all aspects of the water quality analysis cycle and should be avail-
able and in use in all CE water quality laboratories.

Specialty references

26. It is recognized that there is a vast quantity of literature con-

cerning water quality analysis. To try to reference all the literature would

be meaningless and unproductive. Granted, most water quality analysis prob-
lems can be solved using the methodologies referenced previously as standard
procedures. However, there are situations that occur which require different
or new methodologies to be used and/or developed. The "Specialty References"

section of Appendix E includes those which, in addition to the ones previously

mentioned, are used most often by the WES Analytical Laboratory Group (WES-
ALG). These references have been found to be very useful depending upon the
analytical problem encountered. The specialty references in Appendix E are
listed by the subject matter which predominates the major portion of the
reference. The specialty references are subdivided into: (a) analytical
methodologies, (b) sample collection and handling, (c) laboratory quality
assurance/quality control, (d) laboratory safety, and (e) training.

Pamphlets and periodicals

27. Standard journals as Analytical Chemistry, Journal of the Associa-

tion of Official Analytical Chemists, Chemical quineering News, etc., are

well known and everyone has their own favorites. There are also a number of
lesser known publications that are published on a monthly or quarterly basis
which provide a lot of good, usable information to personnel associated with
environmental chemical analysis. A listing of these publications containing
more basic, day-to-day information is presented. Most of these publications
are free of charge and are good sources of information on state-of-the-art
instrumentation and laboratory operatiomns.

Plasmaline

Beckman Instruments, Inc.
Spectroscopy Instruments Operations
Campus Drive at Jamboree Blvd.

P.0. Box C - 19600

Irvine, CA 92713

(714) 833-0751

o
[N
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News & Notes

Hach Co.

P.0. Box 389
Loveland, CO 80539

American Biotechnology Laboratory
International Scientific Communications, Inc.
808 Kings Highway

P.0. Box 827

Fairfield, CT 06430

(203) 576-0500

American Laboratory
808 Kings Highway
P.0. Box 827
Fairfield, CT 06430

.

Jarrell-Ash Plasma Newsletter
Allied Analytical Systems

One Burtt Rd.

Andover, MA 01810

(617) 470-1790

(800) 343-0322 - toll free

Computer Products
Gordon Publications
P.O. Box 14000
Dover, NS 078061

Lavoratory Fquipmert
F.O. Box 313
Nover, NI 07300}

The Bench Sheet ($39/yr)
606 Quincy SE
Albuquerque, NM 87108
(505) 266-~2778

Industrial Chemical News
633 Third Avenue
New York, NY 10164

Research and Development
Circulation Dept.

P.O. Box 33675

; New York, NY 10150

f (212) 605-9527

ORD Pultlications Announcement
) ORD Fublications
¢ DO, Box 142498

Circinnati, OH 45214

"
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Quality Assurance Newsletter

Betty J. Thomas

U.S. Environmental Protection Agency

Environmental Monitoring and Support
Laboratory - Cincinnati

Cincinnati, OH 45268

COML: (513) 684-7301; FTS: 684~7301

Supelco Reporter
Supelco, Inc.

Supelco Park
Bellefonte, PA 16823

Analytical Control

NUS Corporation

ATTN: Mrs. R. A. Cochran, Editor
Park West Office Center

Building TI

Pittsburgh, PA 15275

(412) 788-1080

Industrial Hygiene News
Rimbach Publishing Inc.
8650 Babcock Blvd.
Pittsburgh, PA 15237

Pollution Equipment News
Rimbach Publishing Inc.
8650 Babcock Blvd.
Pittsburgh, PA 15237

Retention Times

Tracor Instruments

Tracor, Inc.

6500 Tracor Lane, Bldg. 27-4
Austin, TX 78721

Training Courses

28. Classroom and correspondence type training are available from seve-
ral different sources. It should be noted that the information presented does
not in any way constitute an endorsement of the organization offering the
training, nor will any sort of judgment be presented regarding the merits of
the training. The sponscoring organization si. uld be contacted for further

information. Some of the organizations offering training include:

24

W W S W W VR WA W R R i I P R I . SN, LS S Y Wi P, 4 b B i




Arizona State University

Chemistry Dept.

ATTN: Dr. Jacob Fuchs

Tempe, AZ 85287

(602) 965-4496

(602) 965-3461

Type: Classroom (modern industrial spectroscopy)

Savant

P.0. Box 3670

Fullerton, CA 92634

(714) 870-7880

Type: Correspondence (chemical analysis)

Heathkit Continuing Education

Heath Company

Benton Harbor, MI 49022

(616) 982-3411

Type: Correspondence (electronics,
BASIC programming)

The Center for Professional Advancement

P.0. Box H

East Brunswick, NJ 08816

(201) 249-1400

Type: Classroom (analytical chemistry,
analysis, engineering)

Perkin-Elmer Training Center

Main Ave.

Norwalk, CT 06856

(203) 762-1000

Type: Classroom and laboratory
(AA, ICAP, GC)

J. T. Baker Chemical Co.

ATTN: Carol Morris

Phillipsburg, NI 08865

(201) 454-2500

Type: Classroom (safety, hazardous and
chemical waste disposal)

Finnigan MAT Institute

ATTN: Nancy Kranpitz

11 Triangle Park Drive

Cincinnati, OH 45246

(513) 772~5500

Type: Classroom (instrumental analysis)
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only sources, nor the best sources for training.
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American Chemical Society

Education Division

1155 16th St., N.W.

Washington, D.C. 20036

(202) 872-4588

Type: Classroom, correspondence (chemistry,
computers, statistics, analysis)

National Bureau of Standards
Training

Washington, DC 20234

(301) 921-3497, FTS: 921-3497
Type: Classroom (QA/QC, analysis)

American Society for Quality Control
230 W. Wells St.

Milwaukee, WI 53202

(414) 272-8575

Type: Classroom, correspondence (QA/QC)

At st Sade Bodh o )

It is not to be interpreted that the above organizations are the

the fullest extent possible.
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Almost every major labora-
tory instrument producer has training available designed around their equip-

ment. This is often outstanding training and should be taken advantage of to
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PART IV: SAMPLE COLLECTION, PREPARATION, AND SHIPPING

Background

30. It would be impossible to recommend specific "cookbook” procedures
for every particular situation which may occur in CE water quality labora-
tories. Details concerned with locale, logistics, sample types, sample
matrices, data use, and personnel often make it necessary for changes or modi-
fications to be made in standard operating procedures. Even though changes
may sometimes be necessary, there are still basic ideas and objectives which
must be adhered to. This section will address those policies, in a general
manner, which may be adapted to the many varying situations encountered by

water quality personnel of the CE District and Division Offices.

Sample Collection

31. Sample collection is probably the least emphasized aspect of the
water quality analysis scheme. This should not be the case, especially when
one considers the importance and the objective of sampling. It must be remem-
bered that the result of any analytical test procedure can be no better than
the sample from which the result was obtained.

32, The objective of any sampling for chemical analysis is to collect a
sample small enocugh to be easily handled yet large enough to be a true repre-
sentation of the system from which it was taken and of sufficient quantity to
provide the analyses needed. The implications are that the concentrations of
components within the sample will be the same as in the system being sampled,

and that the sample will not be significantly changed in composition before

the analytical tcsts are performed.

!
[{ 33. A grab sample is defined as an individual discrete sample collected
ﬁf over a period of time not exceeding 15 min (Berg 1982). It can be taken manu-
< ally using a pump, scoop, vacuum, or other suitable device. The collection of
? a grab sample is appropriate when it is desired to:

- a. Characterize water quality at a particular time.

;E: b. Provide information about minimum and maximum concentrations.
?ﬁ c. Allow collection of variable sample volume.
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d. Corroborate composite samples.
e. Meet a requirement of a discharge permit.
34, Grab samples are used when:
a. The stream does not flow continuously such as batch dumps.
b. The water or waste characteristics are relatively constant.
¢. The parameters to be analyzed are likely to change with storage.
35, A composite sample is defined as a sample formed by mixing discrete
samples taken at periodic points in time or a continuous proportion of the
flow. The number of discrete samples which make up the composite depends upon
the variability of pollutant concentration and flow. A sequential composite
is defined as a series of periodic grab samples each of which is held in an
individual container, then composited to cover a longer time period. Six
methods are used for compositing samples. Choice of composite type is depen-
dent on the program and relative advsntages and disadvantages of each com-
posite type (Berg 1982). Samples should be composited when:
a. Determining average concentrations.
b. Calculating mass/unit time loading.

Surface water

36. If representative samples are to be taken and the sampling objec-
tives met, then certain general guidelines must be followed. Some of the most
important guidelines for obtaining representative surface water samples as
reported by Berg (1982) are:

a. Collect the sample where water is well mixed, that is near a

Parshall flume or at a point of hydraulic turbulence such as
downstream of a hydraulic jump., Certain types of weirs and
flumes tend to enhance the settling of solids upstream and
accumulate floating solids and oil downstream; therefore, such
locations should be avoided as a sample source. For low level
turbulence, mechanical or air mixing should be used to induce
turbulence except when dissolved gases or volatile materials
are being sampled.

o

Collect the sample in the center of the channel at 0.4 to
0.6 ft depth from the bottom where the velocity of flow is
average or higher than average and the chance of solids
settling is minimum. This depth avoids bottom bed loads and
top floating materials such as oils and grease.

In a wide channel, divide the channel cross section into dif-
ferent vertical sections so that each section is equal in
width. Take a representative sample in each vertical section.
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In a deep stream or lake, collect the samples at different
depths. In those cases of wide and deep streams the samples
can be composited or analyzed individually depending upon the
program objective.

When manual sampling with jars, place the mouth of the collect-
ing container below the water surface and facing flow to avoid
an excess of floating material. Keep the hand away from the
mouth of the jar as far as possible.

Additional guidelines for manual sampling:
(1) Sample facing upstream to avoid contamination.

(2) Force sampling vessel through the entire cross section of
the stream wherever possible.

(3) Drop an inverted bucket and jerk line just before impact
with the water surface.

(4) Be certain that the sampler closes and opens at the proper
time when sampling with a depth integrating sampler; with a
point sampler, be certain the sampler opens at a proper
depth. If doubt exists, discard the sample and re-sample.

When sampling, it is necessary to fill the bottles completely
if the samples are to be analyzed for volatile organics, 02,

C0,, NH,, H,S, free chlorine, pH, hardness, S0,, NH FE'T, oil

2 4’
and grease, acidity, or alkalinity. When sampling for bacteria
or suspended solids, it is necessary to leave an airspace in
the sample container to allow mixing before subsampling.

Collect sufficient volume to allow duplicate analyses and qual-
ity assurance testing (split or spiked samples). The required
sample volume is a summation of that required for each param-
eter of interest. Refer to '"Methods for Chemical Analyses of
Water and Wastewater'" (USEPA 1983) for the volume required for
analysis of a specific parameter, or the laboratory director
for minimum volumes to be collected.

Maintain an up-to-date logbook which notes possible interfer-
ences, environmental conditions, and problem areas.

Since the mathematical relationship between volumetric flow and
height (or depth) of flow is nonlinear, composite flow propor-
tional samples in relation to the total volume of flow as
opposed to gauge height or raw measurement of a secondary
device.

If samples are taken from a closed conduit via a valve or
faucet arrangement, allow sufficient flushing time to ensure
that the sample is representative of the supply, taking into
account the diameter, length of the pipe to be flushed, and
velocity of the flow,

29

ald




DAY A A S A PSRN SR AP N T o o i i S-S AR S S S Sl B S -Saad Sadt Sha g Shedt Bdh il 2l Sl J

Ground water

37. Ground-water sampling 1s much more complicated since a monitoring
well samples only a small portion of an aquifer. Unlike surface sampling
where a sampling station can easily be relocated, moving a ground-water sam-
pling point implies the installation of additional monitoring wells with all
the associated difficulty and expense. Therefore, sampling objectives must be
firmly established well in advance of field sampling activities. These sam-
pling objectives will dictate the parameters to be measured, the necessary
reliability of the water quality data, and the analytical methodologies which
will all determine the sampling procedures necessary to meet the objectives
(Scalf et al. 1981; USGS 1977).

38. In assessing pollution of ground water it is essential that water
samples be collected in such a manner that will clearly indicate the actual
subsurface contaminant concentrations. This may seem to be a relatively sim-
ple task; however, it is actually far more complex than most people realize.
Some of the more familiar processes which may cause a loss in sample integrity

are:

I

Contamination of the geologic material near the intake zone of
the monitoring well.

b. Contamination by materials used in installation of the monitor-
ing well.

c¢. Contamination by sampling materials.

d. Sample degassing and volatilization.

e. Contamination from the atmosphere.

f. Contamination by human factors.

39. Based on studies by Gibb (1981) and others the following recommenda-
tions are presented as good techniques to employ in the collection of repre-
sentative ground-water samples (Barcelona, Gibb, and Miller 1984):

a. A brief 2- or 3-hr pumping test should be conducted on each
monitoring well to be sampled. Analysis of the pump test data
and other hydrologic information should be used to determine
the frequency at which samples will be collected and the rate
and period of time each well should be pumped prior to collect-
ing the sample. If pumping tests cannot be conducted, slug
tests may be substituted to provide the needed hydrologic
information,

o

As a general rule of thumb, pumping four to six well volumes
will, in most cases, produce samples representative of aquifer
water. For aquifers with unusually high transmissivities,
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pumping for periods long enough to remove the '"stagnant" water
column may induce migration of water from parts of the aquifer
remote from the monitoring well. The calculations of percent
aquifer water with time provide a more rational basis on which
the length of pumping can be determined. Samples should be
collected in the minimum time required to produce water repre-
sentative of the aquifer.

c. A controlled sampling experiment [monitoring indicator parame-
ters (pH, temperature, specific conductance, and Eh) or col-
lecting samples during an extended period of pumping] should be
conducted to accurately determine the chemical quality of
aquifer water and to verify the response of the monitoring well
to pumping, as predicted from the pump test data. This is best
accomplished with an in-line closed measurement cell (Garvis
and Stuermer 1980). When replicate values of the indicator
parameters are observed to vary less than 10 percent over
three consecutive storage volumes, the well may be presumed to
have been adequately flushed for representative sampling. Once
the chemical character and response of the monitoring systems
have been determined, chemical constituents for routine sam-
pling can be selected.

d. Based on the sensitivity of the selected chemical parameters, a
choice of pumps for routine sampling can be made.

e. The monitoring wells should be pumped at a constant rate for a
period of time that will result in delivery of at least 95 per-
cent aquifer water. The rate and time of pumping should be
determined on the basis of the transmissivity of the aquifer,
the well diameter, and the results of the sampling experiment.

oL
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Measurements ot pH, Eh, temperature, and specific conductance
also should be made at the time of sample collection. Field
determinations of alkalinity, together with a mineral amnalysis,
the foregoing measurements, and total dissolved solids, permit
mass and charge balance calculations to be made which are
valuable analytical quality control checks.
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40, The procedures outlined above are for the collection of representa-
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tive samples for inorganic analysis. The same procedures will produce repre-

nd
.

sentative samples for nonvolatile organic analysis. The use of a syringe sam-

pler (Gillham 1982) in conjunction with a pumping or a bottom-draw bailer has
- been suggested for collecting ground-water samples for volatile organic
- constituents.
i
® 41. Special care must be takenr to prevent creoss-contamination when
E: carrying sampling apparatus from one wel! to another. The sampling devices
p"" .
. must be cleaned thoroughly to ensure that contaminarts from one well are not
5: carried to the other. Cleaning procedure:s should be tailored to the analysis
® of interest. The use of detergents, dilute hydrochloric acid, hexane, and
b
»
o 3
®
.-'._' A e T A e At et et e -'...'--.“-.-‘.-\.'.-'1.'..‘?..**.."-."-‘.."‘.'-. K __.&_..‘_.- L A TIPS -

o * o B Y - - "
(O AT AT PR ACAOIPOROROPT R T ) " A O o S STt T e e T T e e e e e e e
o W R N G LI L OO N |




BN St i B Bres A i U et Jr- Rl "Rt s el et Stk At Mot e St A 4 nd . L Shutt SIAL Soel s S0 gh Aan SN it Jeus
. - . - R - - L. - - . - N N T

deionized rinse water often is necessary. In addition, cleaning of sampling
devices, all delivery tubes, and tether cables also must be performed thor-
oughly. The effects of cross-contamination also can be minimized by sampling
the least contaminated wells first and progressing to the more contaminated
ones. Dedicated sampling devices for each well also may be desirable in cer-
tain cases where the potential for cross-contamination is high (Barcelona,
Gibb, and Miller 1984).

42, In the case of monitoring wells that will not yield water at a rate
adequate to be effectively flushed, different procedures must be followed.
There are divergent points of view on how flushing should be performed in
these situations. The principal difference in the arguments concerns the
degree to which such wells should be evacuated. One suggested procedure
includes the removal of water to the top of the screened interval to prevent
the exposure of the gravel pack or formation to atmospheric conditions
(National Council of the Paper Industry for Air and Stream Improvement (NCASI)
1982). Then the sample is taken at a rate which would not cause rapid draw-

down. On the other hand, the wells may be pumped dry and allowed to recover.

The samples should be collected as soon as a volume of water sufficient for
the intended analytical scheme re-enters the well. Exposure of water entering
the well for periods longer than 2 or 3 hr may render samples unsuitable and
unrepresentative of water contained within the aquifer system. Finally, in
these cases, it may be desirable to collect small volumes of water over a
period of time, each time pumping the well dry and allowing it to recover. At
present there is very little reliable data on when to choose one sampling
method over another in very low yield monitoring wells (Barcelona, Gibb, and
Miller 1984).
Sediments

43. Sediment samples can be collected in a number of different ways
involving various types of sampling equipment. Plumb (1981) presents an
excellent operational evaluation of certain types of grab sediment samplers
which may be used by CE samplers.

44, The "National Handbook of Recommended Methods for Water-Data
Acquisition" (USGS 1977) presents a thorough explanation of sediment sampling
procedures. Included in the presentation are sampling sediments in motion,

sampling deposited sediments, sampler types, and sampling procedures for
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different sample sources (e.g. lakes, rivers. reservoirs, ponds, estuaries, !

outfalls). 4

Field Preparation i

45. Sample handling actually covers the time period from when the
sample is taken from the environment to final disposition of the sample after
analysis. Sampling, sample preparation, and sample analysis are addressed
separately in this report. This section will deal with field preparation or
the period of sample handling after the sample is taken and before analysis
begins. Field preparation topics discussed include sample containers and
preservation techniques.

Sample containers

46. There are many variables to consider when choosing proper sample
containers. These variables include parameter to be analyzed, durability,
resistance to breakage, size, weight, possible interference with analysis com~
ponents, adsorption and/or desorption tendencies, cost, and availability.

47, Of the two major sample container materials, glass and plastic,
borosilicate glass is recommended where glass containers are needed and
polyethylene is recommended where plastic containers are used. The literature
contains some differing opinions concerning what type of polyethylene to use
but the general consensus is to use linear polyethylene first and conventional
polyethylene second (American Public Health Association (APHA) 1980;
Struempler 1973; Bately and Gardner 1977; Moody and Lindstrom 1977; Florence
1977). Teflon would be the choice sample container material above polyethyl-
ene were it not for the prohibitively high cost.

48. Teflon or polyethylene container caps can be used except where sam-
ples are taken in glass for organic (e.p. pesticides, o¢il and grease, acid
extractables, base neutrals, volatiles) analvsis. Glass container caps should

be made of Teflon or Teflop lined. Aluminum toil cap lTining has been used in

the past but is not recommended because of its propensity to tear during use.

49. The use of wide meuth camp’c containers is recommended. Wide mouth
contai--ys permit easy sample uccess and cleaning.  The use of narrow neck
bottles is only recommended when there f: o particalar reason to minimize con-
tact with the cap liner or the outside environment.,
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50. Every laboratory has adopted particular procedures for washing and

preparing sample containers. This is fine as long as the absence of contami-
nation from the washing procedure can be documented through an active quality
control program using spiked samples, reagent blanks, and sample blanks. The
following container washing and preparation procedures are offered as general
guidelines for use in CE water quality laboratories (Berg 1982):

a. Wash containers and caps with a nonphosphate detergent (e.g.
Liqui-Nox) and scrub strongly with a brush (if possible wash
liners and caps separately).

b. Rinse with tap water, then distilled water.
c¢. Invert to drain and dry.
d. Visually inspect for any contamination prior to storage.

|

If the contairer requires additional cleaning, rinse with a
chromic acid solution (35 ml saturated sodium dichromate solu-
tion in 1 & of sulfuric acid--this solution can be reused).
Then rinse with tap water and distilled water and dry as indi-
cated above.

The analyst should be cautioned that glassware rinsed in chromic acid must be
thoroughly rinsed with water to remove all traces of chromium. A commercial
product, NOCHROMIX, available from Godax Laboratories, 6 Varick St., New York,
NY 10013, may be used in place of chromic acid. Do not rinse plastic bottles
in chromic acid.

51. For certain parameters, a special cleaning procedure is needed to
avoid adsorption or contamination due to interaction with container walls.
These procedures are outlined below:

a. Metals and phosphorus. If metals are to be analyzed, rinse the

container with a solution of one part nitric acid to four parts
water, then with distilled water. If phosphorus is tc¢ be ana-
lyzed, rinse the container with a solution of one part hydro-
chloric acid to one part water, followed by distilled water.
Treat the caps similarly.

o

Organics. If oil and grease or pesticides are to be analyzed,
rinse the sample container with methylene chloride, followed by
acetone. For pesticide analysis, use pesticide grade hexane or
acetone. The container should have been previously cleaned
with chromic acid solution as described previously. Treat the
container caps similarly.

c. Sterilization. For microbiological analyses, sterilize the

container and its stopper/cap by autoclaving at 121°C for
15 min or by dry heat at 180°C for 2 hr. Heat-sensitive plas-
tic bottles may be sterilized with ethylene oxide at low
temperatures. Wrap bottles in kraft paper or cover with




- L S A D i S e it et e i it S - . e e s i
LR R Dt A K L3 < A e e CANME M e St Se ias B e e aa oy mug, b stem 4 —

CHY J vy WG OO Y

aluminum foil before sterilization to protect against contami-
nation. An acceptable alternative for emergency or field use
is sterilization of containers by boiling in water for 15 min.

F WA

52. Containers for specific parameters, as recommended by the USEPA, can

be found in Appendix F.

Preservation techniques

L SN 4

e s

53. Preservation methods are limited in their effectiveness and are

¥
P

intended generally to:
a. Retard biological activity.

b. Retard hydrolysis of chemical compounds and complexes.

c. Reduce volatility of constituents.

54. Most of the preservation methods used today are a form of chemical
addition, pH control, refrigeration, or freezing. Appendix F contains guidance
concerning preservation methods for particular analyses.

55. At its best, sample preservation is very difficult because almost
all preservatives exhibit some interferences on particular analyses. Storage
at low temperature (4°C) is perhaps the best way to preserve most samples for
short time periods (< 24 hr). No single method of preservation is entirely
satisfactory for water and wastewater, and all methods of preservation may be
inadequate when applied to suspended matter (APHA 1980).

56. Particular sampling situations could possibly require alternative
preservation procedures from ticse in Appendix F. The effectiveness of alter-

nate preservation procedures should be demonstrated aud documented through

simple preservation studies. Such preservation studies should specify:
a. Type of water/wastewater uszd as o sample in the experiment,
b. Type of containers used.

c. Pretreatment of the coutainer and the glassware used.
d. Preservation methods uscd,

e. Specific temperatures or rerperature range used,

f. Duration of storage.

g.- Stored in light or darkness.

h. Quality control samples--spikes, duplicates.

= i. Blanks--controls.

» J- Number of samples anzlvred, and results.

N .
. k. Statistical analvsis, precisicn, and accuracv, 1

L2 )
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Sample Shipment

Method of shipment

57. The shipment of environmental samples should be addressed more in
terms of common sense than in applying specific guidelines. The idea in
sample shipment is to transport the samples to a specific destination in the
safest and most expedient manner realistically possible.

58. Certain situations may require that an "overnight" shipper be used.
This may be due to a combination of factors such as the perishable nature of
the samples and the distance from the sampling site to the analytical labora-
tory., Most likely the cost of special shipping arrangements will be minimal
when compared to the potential cost of the results of bad data from poorly
handled samples,

Packing

59. An unacceptable shipping practice is that of packing shipping con-
tainers with glass-bottled samples surrounded only by ice. Initially the sam-
ples are tight in the container but as the ice melts the bottles hit against

one another and breakage almost always occurs. Better packing methods

include:
3. Pack tightly with commercially available frozen packets which
retain their volume as they thaw,
b. Pack tightly with packing material such as foam rubber, styro-
foam, and/or plastic materials and then add ice.
c. Use a combination of a and b above.
Labeling

60. The use of proper sample labeling methods is also important in sam-
ple shipment. In some cases samples arrive in a laboratory with labels or
tags missing, or with labels or tags illegible because of nonwaterproof ink,
and are of no more value than broken samples. It is foolish to spend thou-~
sands of dollars to properly collect samples and then lose them in shipment
because simple common sense was not applied.

Chain-of-custody

61. Once samples have been collected and appropriate preservation pro-
cedures implemented (based on the analytical procedures selected), a comnscious
effort must be made to ensure that the samples are protected, i.e. are not

accidentally mishandled or deliberatelv tampered with. One of two levels of
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protection may be implemented, depending on the use of the data. For normal
investigations, a simple chain-ot-protection concept can be implemented. In
cases where the sample is being collected and aralvzed in preparation for pos-
sible litigation, more formal chain-of-custody concepts must be implemented.

62. A chain-of-protection procedure is actually nothing more than
implementation of good sample collection and laboratorv housekeeping prac-
tices. Chain-of-protection procedures include such actions as:

a. The sample is accompanied by the name, mailing address, and
telephone number of the sample collector.

b. The sample is accompanied by the name, mailing address, and
telephone number of the laboratory.

c. There is sufficient quantity cf the sample.

d. The date of shipment is recorded.

e. A description ol the sample is provided.

f. The sample is packaged so that it does not leak, spill, or
vaporize from its packapling.

63. Note that in addition to the above, the shipment of samples must
comply with appropriate US Department of Transportation, US Postal Service, or
other applicable shipping requirements,

64. When analytical data are 1o be used in litigation, it is necessary
to be able to prove the chain-of-pessension or chain~of-custody of any samples
from which that data are ob:.ited. It is imperative that each laboratory pre-

pare written procedures to be {ollowed whenever evidence samples are col-

lected, transferred, stored, analvzed, or destroved, A sample is in custody

if it is:
a. In actua! phvsical possession, 7
b, In view, after being in physical possession, or
c. In physica! pesse-sier and locked up se that no one could
N tamper with it, or
d. 1In a designated sccure nvea,

As a minimum, the basic cor;onents «i o bain-of-custody program include:
a. A written proceduie tc eouure thot sample possession can be
N traced.

b. Appointment o! lie'd and juloratery sample custedians and
involvement ot a =winivum nue'er ot perscnnel in sample collec-
tion and handiivg.

c. Provision ot chain-¢t~custedy torms, .aompie tags, and sample
seals.
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d. Ensurance of custody of sample during time it is collected and
dispatched to receiving laboratory or turned over to an
assigned custodian.

e. Transfer of possession of individual samples or groups of sam-
ples observing transfer-of-custody recording procedures,
f. Observation of proper laboratory chain-of-custody procedures

incorporating a designated sample custodian and a sample stor-
age security area.

g. Laboratory personnel prepared to testify and show that the
sample was in their possession and view or securely locked up
at all times from the moment it was received from the custodian
until the tests were run.

65. Each laboratory should design chain-of-custody procedures to com-

plement its own particular layout, sample collection, and personnel situation.

Detailed information for designing and implementing chain-of-protection and

chain-of-custody procedures can be found in the following references:

a. US Environmental Protection Agency. 1982 (Sep). "Handbook for
Sampling and Sample Preservation of Water and Wastewater,' EPA-
600/4-82-029, Environmental Monitoring and Support Laboratory,
Cincinnati, Ohio 45268,

VS
-

b. US Environmental Protection Agency. 1982 (Oct). '"Manual for
the Certification of Laboratories Analyzing Drinking Water,"
EPA-570/9-82-002, Office of Drinking Water (WH~550), Washington,
D.C. 20460,

e

US Environmental Protection Agency. 1979 (Mar). 'Handbook for
Analytical Quality Control in Water and Wastewater Laborato-
ries," EPA-600/4-79-019, Environmental Moaitoring and Support
Laboratory, Cincinnati, OChio 45268.
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PART V: SAMPLE FREPARATION AND ANALYSTS

Background

66. After the sample has been obtained from its point of origin, one or
more sample preparation processes may be necessary prior to actual analysis.
Sample preparation may involve physical processes such as sieving, crushing,
blending, and drying, and/or chemical processes such as dissolution, diges-
tion, extraction, pH adjustment, preservation, and spiking. These physical
and chemical processes not only make the analysis job more difficult but are
potential sources of contamination and loss of analysis., Therefore, sample
preparation should be documented in a very detailed manner so as to provide as
complete a sample history as possible. Quality control samples should always
be subjected to the identical pretreatment processes as the samples with which

they are identified.

Holding Time

67. The holding time of a sample is the time interval between collec-
tion and analysis. In general, the shorter the holding time, the more reli-
able will be the interpretarion of the analytical results. Some parameters
are so subject to change that it is recommended that they be analyzed immedi-
ately in the field (e.g. temperature, pH, chlorine, dissolved oxygen).

68. Guidance concerning holding times for various analyses is found in
Appendix F. It is virtually impossible to predict exact holding times which
cover all sample types, analyses, and conditions of storage and preservation.
Appendix F should be used as guidance, but the habit of performing analysis as
quickly as possible after sample collection must continually be cultivated.
Where water quality analysis is concerned, procrastination is a mortal enemy
and must be guarded against.

69. There are numerous publications econtaining techniques and proce-
dures for sample pretreatment. The USFPA and APHA publications cover most
common pretreatment problems encountered in woter quality iaboratories. The
most popular pretreatment methodology publicaticns, used by the WES Analytical

Laboratory Group, follow for reference.
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Water:

American Public Health Association. 1980. Standard Methods for the

Examination of Water and Wastewater, 15th ed., 1105 18th St,, NW,
Washington, D.C, 20036.

Skougstad, M. W. 1979. 'Methods for Determination of Inorganic
Substances in Water and Fluvial Sediments," Techniques of Water
Resources Investigation of the U,S, Geological Survey, (200)

Un 3t WR, Book 5, Chpt A-1, U.S. Geological Survey.

US Environmental Protection Agency. 1982 (Jul). "Methods for
Organic Chemical Analysis of Municipal and Industrial Wastewater,'
FEPA-600/4-82-057, Environmental Monitoring and Support Laboratory,
Cincinnati, Ohio 45268.

US Environmental Protection Agency. 1983 (Mar). "Methods for
Chemical Analysis of Water and Wastes," EPA-600/4-79-020, Environ-
mental Monitoring and Support Laboratory, Cincinnati, Ohio 45268.

Sediment, tissue, and other complex matrices:

Allen, S. E., Grimshaw, H. M., Parkinson, J. A., and Quarmby, C.
1974, Chemical Analysis of Ecological Materials, Halsted Press,
John Wiley and Sons, New York, N.Y.

Black, C. A., et al. eds. 1965. "Methods of Soil Analysis,"
Parts 1 and 2, Monograph No. 9, American Society of Agronomy,
Madison, Wis.

Bock, R. 1979, A Handbook of Decomposition Methods in Analytical
Chemistry, International Textbook Co., Bishipbriggs, Glasgow G64
2NZ.

Minczewski, J., Chwastowska, J., and Dybczynski, R. 1982,
Separation and Preconcentratin Methods in Inoganic Trace Analysis,
Halsted Press - John Wiley and Sons, New York, N.,Y.

US Army Engineer Waterways Experiment Station. 1981 (May). "Pro-
cedures for Handling and Chemical Analysis of Sediment and Water
Samples," USEPA/CE 81-1, Environmental Laboratory, Vicksburg, Miss.
39180.

US Environmental Protection Agency. 1982 (July). "Test Methods for
Evaluating Solid Wastes,'" SW-846, Office of Solid Waste and Emergency
Response, Washington, D.C. 20460.

US Environmental Protection Agency. ''Chemistry Laboratory Manual
for Bottom Sediments and Elutriate Testing,' EPA 905-4-79-014, NTIS
No. PB-294596, Chicago, Ill. 60605,
70. Many other methods references are available and some of the more
important ones were listed previously in Part III., These references contain
information covering many of the very specific and unique analytical problems

encountered in water quality laboratories,
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Sample Analysis

71. Sample analysis procedures are presented in the publications which
have been previously mentioned. The USEPA, APHA, and American Society for
Testing and Materials (ASTM) procedures manuals should be the most useful in
determining methodologies to be used in CE water quality laboratories.

Appendix F is a list of approved test procedures for specific analyses and a

list of specified containers, preservatives, and holding times for those pro- r

b cedures as established by the USEPA (Federal Register 1984). Appendix F pro-

cedures will cover most of the normal water quality analyses encountered in CE
i: water quality laboratories. Extreme caution is advised in trying to force

these methodologies to conform to every sample brought into the laboratory.

There will always be samples with complex matrices which will require special
handling methodologies before and/or during analysis. The accepted protocol
to be used to modify methods for accepted variances will vary depending on the
regulatory agency and the regulatory program (i.e. NPDES, RCRA, CWA, etc).

The agency and regulations for each specific program should be consulted for

exact protocols,
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PART VI: QUALITY ASSURANCE AND QUALITY CONTROL }

Background

72. Qualitv assurance/quality control in chemical analysis is a very
old concept. As long as there has been chemical analysis, the need has
existed to control the quality of the analysis. There are volumes written
concerning the subject of QA/QC. However, regardless of the quantity of
literature, if a laboratory does not institute and follow a good day~to-day
QA/QC plan, then everything written about QA/QC will have been in vain.

73. There are numerous references (see PART III) with basic "how-to"
information concerning design and implementation of QA/QC plans. Therefore,
there is really no excuse for any water quality laboratory not to have a writ-
ten QA/QC plan., Implementation of the plan and dealing with the personalities
necessary for implementation (from manager to analyst) are the factors which
separate the good laboratory operations from the not so good.

74. This discussion of QA/QC will be concerned with some of the most
often disregarded or overlooked QA/QC principles as observed during numerous

laboratory inspections by WES Analytical Laboratory Group personnel.

Philosophy of QA/QC

75. Normally the technicisns and analysts will exhibit the same atti-
tude toward QA/QC as does management. A positive QA/QC commitment is mani-
fested in numerous ways to include:

8. Written QA/QC plan and procedures.

b. Clear statement of objectives by management.

¢. Lines of authority clearly developed.

d. A QA/QC supervisor with clearly defined authority.
. No difficulty in meeting performance requirements,

e
f. Good record keeping.

g. Good workplace atmosphere.

h. Generally good personnel morale.
1. Customer satisfaction.

Jj+ Good data quality reputation.
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The right QA/QC philosophy is a must, beginning with the laboratory director
or manager and permeating the entire laboratory staff. Quality is not some-
thing extra or something nice, it is the foundation of everything done in the

water quality laboratory (McCully and Lee 1980).

Factors Affecting QA/QC

Utility service

76. Water supply. One of the most important yet neglected laboratory

services is the purified laboratory water (distilled, deionized, etc.). The
importance of purified laboratory water is realized in its many uses, e.g.,
preparation of reagents and standards, dilution of solutions, and final rins-
ing of glassware. In addition to reagent water blanks being analyzed with all
sets of analyses, the laboratory water must be checked periodically (biweekly-
monthly). The methods used to check the water may consist of electrical con-
ductivity and resistivity, potassium permanganate (KMnOa) color retention
test, total organic carbon, and others depending upon the analyses being per-
formed. These procedures are all described in the USEPA and ASTM methods
manuals previously mentioned.

77. Electrical service. The electrical source coming into a laboratory

is never constant unless special equipment has been installed at the source
for that purpose. The fluctuations (surges and pulses) of the electrical cur-
rent, in the form of voltage spikes and noise interference, can cause serious
problems with highly sensitive instruments and computer equipment. If the
current cannot be regulated coming into the laboratoery, then the installation
of a3 voltage surge suppressor and noise filtering device between the AC outlet
and the sensitive instrumentation is recommended.

78, Vacuum system. Vacuum sources, whether entire laboratory systems

or single vacuum pumps, are often neglected until a malfunction occurs.
Periodic service (i.e. clean up, lubricate, change oil, etc.) and installation
of moisture traps are a must if trouble-free service and longevity are desired
from a vacuum system,

79. Compressed air. Compressed air systems are similar to vacuum sys-

tems in that service is required. Compression heats air, increasing its
tendency to retain moisture. Compressed air should be tiltered coming into

the laboratory to eliminate o0il, moisture, and other contaminants. Special
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filters and/or high-quality compressed air cylinders may be required for use
in some laboratory instruments and procedures.

80. Fume hoods. Chemical fume hoods are a very necessary part of a
good water quality laboratory. Regular fume hoods should have a velocity of
100 1lin ft/min with the sash fully open (USEPA 1979). Special hoods with
washdown systems are necessary when performing perchloric acid digestions.
The height and proximity of a hood's exhaust stack to the air intake source
for the laboratory and other hoods are critical factors and can be a serious
source of contamination. This is an iwportant consideration in the installa-
tion of new fume hoods. Fume hoods should generally not be located near door
openings, near windows, or along principal traffic lanes. All of these loca-
tions can cause considerable fluctuations in the air velocity of the hood and
are possible sources of contamination to the air entering the hood.

Instrumentation

81. Selection. There are many factors involved in selecting analytical

instrumentation, some of which include:

8. Level of measurement desired.
b. History of downtime.

¢. History of service quality.
d. Laboratory size

e. Installation.

f. Cost.

. Performance record in other laboratories.

. Personal preference.

1= e

These factors differ from laboratory to laboratory; therefore, any guidance
would have to be tailored to a specific laboratory situation.

82, Calibration. Regardless of the instrument and equipment types, a
system of calibration and preventive maintenance is necessary. The QA/QC plan
should specify maintenance requirements and schedules, and the regular mainte-
nance should be documented upon completion.

83. A typical example of equipment neglect is the analytical balance,
which is probably the most important piece of equipment in the laboratory. It
is recommended that all balances be serviced by a qualified service man at

least every 4 to 6 months. Standardized weights, traceable to the National
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Bureau of Standards, should be available and in use on a daily basis to con-
tinually check the operation of the balance.

84. All laboratory instruments need periodic servicing and calibration.
In Table 9 the USEPA (1978) gives calibration recommendations for some of the
major laboratory instruments. These '"recommendations”" are not to be consid-
ered rigid rules but should give the laboratory manager an idea of what type
of service is needed and approximately how often it is needed. The manager
can use these recommendations and develop a schedule for inclusion into the
laboratory QA/QC plan.

Glassware and lab tubing

85. Errors in analysis due to glassware and laboratory tubing can be
realized in several ways. Contaminated or dirty glassware can cause serious
analysis errors, especially in trace analysis. The method of cleaning (dis-
cussed previously) must be commensurate with the contaminants being removed
and the level of analysis being performed. It is often necessary to reserve
special glassware just for a specific analysis (e.g. specific metals, phos~
phorus, etc.). It is good laboratory technique to rinse glassware with tap
water or organic solvent and again with water as soon as possible after use.
Contaminants allowed to dry on glassware are much more difficult to remove.
Lab tubing has also been shown to be a common source of contamination (i.e.
plastic-phthalate esters, rubber-zinc).

86. A common problem observed among many laboratories is the use of
old, etched, chipped, and/or cracked glassware. This is a dangerous practice
because etched or cracked glassware will more easily adsorb contaminants or
the constituent being analyzed. 1In either case false results can and most
likely will occur. When a bottle brush is used to clean glassware, be sure
there are no exposed metal edges or points which might scratch the glassware.

87. For volumetric analvsis, Class A volumetric glassware must be used.
The preci<icrn of volumetric work depends on the accuracy with which volumes of
solutions can be measured. ?Proper technique in handling volumetric glassware
must be used and taught to new analysts. Velumetric measurements must be made
at constant temperatures. Veclumetric delivery svstems must be read correctly.
Read correctly means that the bottom of the meniscus should be tangent to the
calibration mark on the volumetric apparatus with the eve and the graduation
mark on the same horizontal plane. If the meniscus is not read in the proper

plane, a type of error will result called parallax (Clark [980). If the eye
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Table 9

Instrument Calibrations#*

DR Al g Shrat e

Instrument

Procedure

Frequency

Analytical balances

pH meters

Conductivity meters

Nephelometer/
turbidimeters

Colorimeters/filter
photometers

UV/visible
spectrophotometers

Zero

Standard weights

Full calibration and
adjustment

At pH 4, 7, and 10

Obtain cell constant with
potassium chloride reference
solutions

Construct temperature curve
if measurements are to be
made other than at 25 * 0.5°C

Check instrument scales or
develop calibration curve
with formazine stds.

(<4 NTU)

If manufacturer's stds. are
not formazine, check against
formazine stds. (sS4 NTU)

Curves determined with five to
six laboratory-prepared std.
solutions for each parameter
in conc. range of samples

Wavelength calibration with
helium oxide glass or solu-
tion, low-pressure mercury
arc, benzene vapor (UV), or
hydrogen arc (visible)

Absorbance vs. concentration
curves with five to six std.
solutions for each parameter
at analytical wavelength in
conc, range of samples

Full servicing and adjustment

(Continued)

Before each use
Monthly
Annually

Daily

Daily

Monthly

Monthly

Annually

Daily

Quarterly

Daily

Annually

* Source:

USEPA (1978).
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Table 9 (Continued)
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Instrument

Procedure

Frequency

Infrared spectro-
photometers

Atomic absorption
spectrophotometers

Carbon analyzers

DO meters

Other selective
ion electrodes and
electrometers

Thermometers

Technicon auto
analyzer

_w'-—ffr-..-. '.7., vy vaf, -
M L S ST 1 . v . _.,.‘,"i.

Wavelength calibration with
polystyrene or indene

Absorbance vs. concentration
curves with five to six std.
solutions for each parameter at
analytical wavelength in conc.
range of samples

Full servicing and adjustment

Response vs. concentration
curves with six to eight std,
solutions for each metal (std.
mixtures are acceptable, but
with same acid as samples to
be run) in conc. range of
samples

Full servicing and adjustment

Curves determined with five to
six std. solutions in conc.
range of samples

Calibrate against modified
Winkler method on aerated
distilled or tap water

Curves determined with five to
six std. solutions in conc.
range of samples

Calibrate in constant tempera-
ture baths at two temperatures
against precision thermometers
certified by National Bureau of
Standards

Curves determined with
std, solutions for each
parameter

Full service and adjustment
(esp. colorimeter)

(Cont {nued)

Daily

Daily

Semiannually

Daily

Annually

Daily

Daily

Daily

Quarterly

Each set of
samples

Annually

(Sheet 2 of 5)
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Table 9 (Continued)

Instrument Procedure Frequency
Gas chromatographs Retention times and detector Daily
response checked with std.
solutions
Response curves for each Monthly

parameter determined with
std. solutiomns

- Radiological equipment (See Standard Methods, Sect. 300)
-
5 Sulfur dioxide in air Calibrate flowmeters and Quarterly
- sampler/analyzers hypodermic needle against a (needles
(pararosaniline wet test meter before and
method) after each
run)
[ Spectrophotometric calibra- Monthly
y tion curve with five to six std.
8 sulfite~TCM* solutions at
, controlled temperature (:1°C)
N Sampling calibration curve Monthly
with five to six std.
p - atmospheres from permeation
- tubes or cylinders
) Calibrate associated thermom- Quarterly
eters, barometers, and spec-

trophotometer (wavelength)

Suspended particulates Calibrate sampler (curve of Monthly
(high-volume sampler true airflow rate vs. rota-
method) meter or recorder reading)

with orifice calibration unit
and differential manometer at
six air flow rates.
Calibrate orifice calibration Annually
unit with positive displace-
ment primary standard and
differential manometers
Calibrate relative humidity Semiannually
indicator in the conditioning
environment against wet-bulb/
dry-bulb psychrometer

AR MRS AT MM

Check elapsed time indicator Semiannually
Calibrate associated analy- As needed
tical balances, thermometers, J
barometers
(Continued) 1
- 2

* TCM = potassium tetrachloromercurate.

+ (Sheet 3 of 5)
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Table 9 (Continued)
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Instrument

Procedure

Frequency

Carbon monoxide
{(nondispersive IR)

Photochemical
oxidants (ozone)

Hydrocarbons
(corrected for
methane)

B - PR - N .
CEE WL N AP L SR S W W il 3 il

Determine linearity of
detector response {(calibra-
tion curve) with calibration
gases (0, 10, 20, 40, and 80%
of full scale, certified to
*2% and checked against
auditing gases certified to
*17%)

Perform zero and span
calibrations

Calibrate rotameter and
sample cell pressure gauge

Calibrate standard KI/I
solutions in terms of calcu-
lated O3 equivalents at
352 nm

Calibrate instrument response
with six to eight test
atmospheres from ozone
generator, spanning expected
ranges of sample concentrations
(usually 0.05-0.5 ppm 03)

Calibrate flowmeters,
barometer, thermometer

Calibrate and service
spectrophotometer

Calibrate ozone generator

Determine linearity of detec—
tor response (calibration
curve) with calibration gases
(0, 10, 20, 40, and 80% of
full scale, certified to *2%
and checked against auditing
gases certified to *17)

Perform zero and span
calibrations

Calibrate flowmeters and
other associated apparatus

(Continued)
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Monthly

Daily or every
3 days

Semiannually

At same time as
ozone
generator

Monthly

Semiannually
As specified
Monthly

Monthly

Before and A
after each _ﬁ
sampling
period

Semiannually
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Table 9 (Concluded)
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Instrument

Procedure

Frequency

Nitrogen dioxide
(arsenite 24-hr
sampling method)

Nitrogen dioxide
(chemiluminescence,
continuous)

Autoclaves and
sterilizers

Calibrate flowmeter with wet
test meter

Calibrate hypodermic needle
(flow restrictor) with
flowmeter

Obtain colorimetric calibra-
tion curves with five to six
std. nitrite solutiomns

Determine linearity of detec-
tor response (calibration
curve) with calibration gases
(0, 10, 20, 40, and 807 of
full scale, certified to *27%
and checked against auditing
gases certified to *17)

Perform zero and span
calibrations

Calibrate rotameter and
sample cell pressure gauge

Check sterilization effectiveness
(e.g., B. stearothermophilus,
color-indicator tape for
ethylene oxide)

Calibrate temperature-recording
device

Monthly

Each new needle
and before
and after
each run

Weekly

Monthly

Daily or every

3 days

Semiannually

Daily

Semiannually
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is above the plane of the meniscus and looking downward, the meniscus will
appear higher and result in a high reading with the opposite being true if the
eye is below the meniscus. To avoid parallax, line up the bottom of the
meniscus with the graduation mark where it appears both in front of the con-
tainer and where it extends around to the other side.

88. Thorough discussions of laboratory glassware can be found in previ-
ously referenced pubiications by the USEPA, APHA, and ASTM (e.g. 15th Edition
of Standard Methods (APHA 1980), '"Randbook of Analytical Quality Control for
Water and Wastewater Laboratories" (USEPA 1979), Annual Book of ASTM
Standards - Section 14 (ASTM 1983b).

Reagent purity

89. The purity of laboratory reagents is of considerable concern. It
is recommended that Analytical Reagent Grade chemicals be used as a minimum in
CE water quality laboratories. Specialized tests may require higher degrees
of purity (i.e. trace metals). An analyst must analyze a reagent blank with
every group of analyses to keep a constant check on the background levels of
the reagents. Reagent blanks should also be analyzed before any sample prepa-
rations are performed such as acid digestions and extractions. This can save
a lot of time and effort if a contaminated reagent is found.

90. It is recommended that reagents be dated and properly stored as
they are received and/or made., Periodic inventories and proper disposition of
old reagents should be made. These procedures should be detailed in the
laboratory QA/QC plan.

Data management

91. Precision and accuracy. As noted in Part T1Il there are numerous

references concerning laboratory QA/QC and most of these references deal
extensively with the concepts and statistics associated with precision and
accuracy. For a more thorough discussion of the concepts of accuracy and pre-
cision, refer to the Part LIl publications. Only practical applications of
precision and accuracy and related terms will be considered in this
discussion.

92. In observing many analytical water quality lahoratories over the
years, the greatest precision and accuracy shortcoming is documentation. Most
of the laboratories observed were performing sccuracy and precision operations
(e.g. spikes, duplicates, Standard Reference Material (SRM's), etc.) but the

documentation of these operations was either incomplete or nonexistent.

vy
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Documentation of accuracy and precision data not only includes an easily
recognizable presentation of the data but it should also include statistical
expansion of the data (e.g. percent recovery, coefficient of variation,
standard deviations, control charts, etc.).

93, Control charts, The lack of or inconsistent use of control charts

is an area observed to be lacking in a lot of water quality laboratories.

MR ".'.'T'E

This is very unfortunate considering the amount of information one may obtain
by just glancing at a properly constructed control chart.

94. Interpretation of control charts requires the use of certain rules
or decision points which must be followed in order to judge a measurement pro-

cess out of control. Examples of these rules might be:

a. One or more points outside three standard deviatioms.

b. Two or more consecutive points outside two standard deviations.
¢. A run of four points outside one standard deviation,

d. A run of seven or more points (this may be either seven consecu-

tive points above or below the mean or seven consecutive points
increasing or decreasing).

It is better to use a combination of rules such as the four above than a sin-
gle rule. All such rules and procedures should be outlined in the laboratory
QA/QC plan.

95. Many analytical problems can be detected in their early stages by
the use of control charts. The basic symptoms seen on the control charts are
either a shift or trend. Some of the more common causes of these symptoms
are:

Symptom Common Cause of Symptom

Shift in mean Incorrect preparation of standard
Incorrect preparation of reagents
Contamination of sample
Incorrect instrument calibration
Analyst error

Trend of mean upward Deterioration of standard
Deterioration of reagents

Trend of mean downward Concentration of standard due to evapora-
tion of solvent
Deterioration of reagents

Increase in variability Poor analyst performance, e.g., poor
technique, lack of training, deviation
from procedure
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96. No matter how much individual or group effort an analyst or labora-
tory staff puts into steps to ensure accuracy and precision, if one of those
steps is not thorough documentation, then all other steps are in vain,.

97. Records. Records are extremely important in permitting a water
quality laboratory to provide a quality product. Good record systems will:

. Establish and maintain chain-of-custody.

jo* |

. Identify an item.
. Describe the analytical procedure.

. Report the results of the analysis.

la |o

. Provide documentary proof of the processing of a sample,

e

. Document the accuracy and precision of the data.

98. Proper written documentation is an essential key to good QA/QC prac-
tices in a water quality laboratory. It is evident that poor record keeping
practices can have a serious adverse impact on a laboratory's ability to prop-
erly accomplish its mission. Without proper records, the factual information

necessary to make and/or defend a decision may not be available.

QA/QC Summary

99, Water quality laborat.ries must plan, write, and implement an inte-
grated program, involving tl.e entire staff, for QA/QC. The QA/QC program
establishes a standard of quality, procedures to meet that standard, control
points to measure the effectiveness of the procedures, correction and feedback
mechanisms, and audits to evaluate the entire program. Only through such a
QA/QC plan can the level of quality of a laboratory's information be con-
trolled or judged acceptable.

100. The following are a few quality assurance axioms (McCully and Lee
1980) worth repeating and worth remembering:

a. Everyone must be actively involved with quality every day.
Quality assurance is not something special done once a quarter
but must be done every day on every sample.

b. Don't make assumptions - check everything.

c. You (the analyst) are responsible for what you do (not manage-
ment, not your supervisor, etc.).
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d. Keep records (you really won't remember and even if you do, you
will have moved). All relevant quality data and checks must be
recorded.

e. Quality isn't something extra or something nice, it is the
foundation of everything we do.

. Bad data are worse than no data.

g. Nothing is perfect. Be aware of the limits, i.e., how good
(bad) are the reagents, methods, data. Don't keep it to your-
self, make everyone else aware of the limits as well,

. Opinions are worthless ~ where are the data?

. Quality problems are not fate. They have causes and can be
corrected.

T “fww ——
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PART VII: POTENTIAL PROBLEMS WITH COMMON ANALYSES
PERFORMED BY CE LABORATORIES

Background

101. In Part II (Tables 1-4) typical analytical tests performed by the
CE water quality laboratories were shown. In this chapter potential analyti-
cal problems will be addressed for the methodologies most often used to
analyze environmental samples for the constituents mentioned in Part II., A
great majority of the potential problems mentioned are a result of direct

observation during laboratory inspections.

102. It is understood that the quality of personnel performing the
tests may be the largest variable in any procedure. However, for this presen-
tation only the idiosyncrasies of the particular analytical methodology will
be discussed (e.g. interferences, matrix, reagent, instrument, and pretreat-—
ment problems, etc.). Unless otherwise stated, most of the analytical proce-

dures will be those shown in Appendix F.

Color

103. Color in water is caused by the presence of metallic salts,
organic matter, and other dissolved or suspended materials. An arbitrary
standard for color has been set up using a platinum-cobalt solution where one
unit of color is equal to ! mg/t of platinum,

104. Normally the Visual Comparison Method or Spectrophotometric Method
(204 A. and 204 B. of Standard Methods (APHA 1980)) is used in water quality

laboratories, For some purposes a method developed by the American Dye Manu-

facturers Institute (ADMI) may be useful (204 D, of Standard Methods (APHA

1980)). Although more complex than the first two methods, the ADMI method is
useful where unusual hues are encountered (e.g. some industrial wastewaters),
105. Color may be expressed as "apparent" or "true'" color. Apparent
color includes that from dissolved and colloidal materials plus that from
suspended matter (turbidity). By filtering or centrifuging out the turbidity,
true color can be determined. Generally, only the true color value is deter-
mined in water quality laboratories, If apparent color is requested, it can

be determined by measuring an untreated water sample,
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106. Some of the most often observed problems related to color analysis

include:

a. Incomplete turbidity removal causes the apparent ceolor to be
noticeably higher than the true color. This problem occurs
wost often when only centrifugation is used for turbidity
removal. Centrifugation is acceptable only if turbidity
removal equivalent to filtration is achieved (APHA 1980). For
highly turbid samples a combination of centrifugation and
filtration is best in order to avoid filter clogging.

b. The pH at which color is determined must be specified. Color
is very pH-sensitive and normally increases as pH increases
(APHA 1980).

c. When color samples are taken, make sure they are refrigerated
at 4°C,

d. Analysts must be checked against color standards. Color
blindness may rule out the use of the visual comparison method
for certain analysts.

Specific Conductance

107. Modern specific conductance cells have a characteristic electrode
spacing/area ratio known as the "cell constant.” The cell constant (K) is a
factor which is used to determine the specific conductivity range (micromhos
per centimetre) of that particular cell., It is determined by the physical
configuration of the cell and the electrodes. Cells with constants of 1.0 or
greater normally have small, widely spaced electrodes, while cells with con-
stants of 0.1 or less have large electrodes which are closely spaced. Gen~
erally, cells with K = 1.0 should be used for solutions with conductivities
of more than 20 umhos/cm. Cells with K = 0.1 should be used for solutions
with conductivities less than 20 umhos/cm.

108. Some of the most often observed problems related to specific con-
ductivity analysis include:

a. Use of the wrong cell constant (K) for the specific conduc-
tance range in question can cause serious errors.

b. Calibration of the conductivity cell must be performed and
checked periodically. A calibration constant is a factor by
which scale readings must be multiplied to compute specific
conductance,

K = cM 1)

where SP

Ksp = actual specific conductance
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¢ = calibration constant
M = meter reading

For example, a 0.001 N KC1 solution (147 pmhos/cm standard)
may show a scale reading of 147,

_ _ 147
147 = ¢ 147, ¢ = % = 1.00

In this case the cell is perfectly "matched"” to the instru-
ment, the calibration constant is 1,00, and the scale reading
represents actual specific conductance. A variety of cells,
each covering a specific range, may be used with any one
instrument. However, a calibration constant for each cell
must be computed before solutions of unknown specific conduc-
tance can be determined (USEPA 1981). The above equation
assumes that all samples are at 25°C before the conductivity
is measured. Conductivity increases about 2 percent per
degree Centigrade, so be sure that all samples are at 25°C
before measuring them. The magnitude of the increase depends
upon the exact ionic constituents in the samples, so the cor-
rection usually is unreliable (Carson 1978).

Some samples can affect the platinized surface of the cell and
thus affect the cell constant and measured results. Measure
the conductivity of the 0.01 M KC1 solution at least daily and
after any sample that is strongly alkaline or acidic or con-
taining grease and oil or organic solvents. Any variation of
more than 1 percent from the standard value of 1413 umhos/cm
at 25°C is cause for re-platinizing the cell electrodes.
Standard Methods (APHA 1980) describes the platinizing proce-
dure. Re-standardize after re-platinizing (Carson 1978).

There is a slight nonlinear response of conductance with
increasing salt concentration, the magnitude of which depends
upon the specific ionic constituents. For example, 0.0001,
0.001, 0.01, 0.1, and { M KCl solutions have conductances of
14.94, 147.0, 1413, 12,900, and 111,900 umhos/cm, respec-
tively. If the conductance of a sample is out of range of an
instrument, the value determined by dilution will be from 5 to
15 percent too high. Determine the range of acceptable
accuracy for a particular instrument by measuring the conduc-
tance of the above molar solutions. An error of less than

l percent at anv corcentration is normally acceptable (Carson
1978).

The single most important requirement for accurate and repro-
ducible results in conductivity measurement is a clean cell.
A contaminated cell will contaminate the solution causing the
solution conductivity to change. Clean cells as follows:

(1) Prepare a sclution containing 100 ml isopropyl alcohol,
100 m1 ethyl ether, 50 ml concentrated HC1l, and 50 ml dis-
tilled water.




CAUTION: Ingredients are extremely flammable and caustic.
Observe proper safety precautions, including rubberized
skin protection, safety glasses, no spark or flame within
50 ft, and good ventilation.

(2) Dip the cell into the solution, making certain it is sub-
merged beyond the vent slots in the electrode chamber.

(3) Agitate the solution for 1 to 2 min.

(4) Remove the cell from the solution and rinse it in several
changes of distilled water. Inspect the platinum black to
see if re-platinizing may be required.

pH

109. The measurement of pH is one of the most common analytical tech- I

por

niques used in water quality laboratories. Due to the commonality of pH, the

actual measurement and measurement equipment is often taken for granted, hence
the pH measurements made often suffer from the effects of incorrect materials
or incorrect maintenance.

110, A pH measurement system consists of four parts: a pH-sensing elec-
trode, an amplifier which translates a voltage response into something the
user can read, a reference electrode, and a sample. Each component of the
system plays a critical role in the measurement process.

111. When problems arise in pH measurement, the source of the problem
is typically the reference electrode. Some manufacturers report that up to
70 percent of the pH measurement problems are traced to reference electrode

problems (Fisher 1984). It stands to reason, therefore, that a check of the

reference electrode would be the place to start in troubleshooting pH measure-
ment problems.

112, The first indication of reference electrode problems is usually a

e gl o

very long stabilization time. Long stabilization times can also be caused by
temperature changes, solution reactions, or atmospheric CO2 absorption. )
Generally, however, the long stabilization time is caused by incompatibility i
of sample and reference electrode or by a faulty reference electrode.

113. Some simple methods for checking the performance of a reference ]

electrode include:

a. Move your hand quickly toward and then away from the elec-
trode. If the pH meter reading changes in response to the
hand movement then a faulty reference electrode may be
suspected.
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b. If stirring causes instability then turn the stirrer off. If
significant changes in pH readings occur, then reference
electrode problems may be assumed.

c. If stirring causes noise (reading variation) and reducing the
stirring speed reduces the noise, then suspect reference
electrode problems.

d. 1If other electrodes are available, switch them for the suspect
electrodes. A cleaning procedure may then be used to see if
performance can be improved for the faulty electrode. There
are many different rejuvenation procedures for electrodes and
the manufacturer's recommendations should be followed for
specific electrodes.

114, For periods of time up to 48 hr, it is best to siore combination
electrodes (glass and reference electrodes in a single probe) in air, with a
protective cap over the end of the electrode and the filling hole covered.

For long-term storage (>48 hr), it is best to remove the filling solution and
store the electrode completely dry.

115. Gel-filled combination electrodes should never be left stored in
any solution for long periods of time. Sample solution will migrate into the
diffusion type electrode (gel) and cause long stabilization times. Wet stor-
age of gel-filled electrodes can cut their useful life to a tenth of what
might be ordinarily expected.

116. The operation of a pH meter is simple and often taken for granted.
In every case follow manufacturer's instructions for specific pH meters and
for storage and preparation of electrodes for use. A few simple checks can
help ensure the proper performance of a pH meter:

a. Check calibration. Prepare or obtain pH buffers covering the
range of interest, usually pH 4 (potassium hydrogen
phthalate), pH 7 (potassium and sodium phosphate), pH 9
(sodium borate). Make sure all solutions are at room tempera-
ture and set the temperature response knob on the meter to
that value.

b. Immerse the electrode(s) in the pH 7 buffer and adjust the
meter to read 7 with the calibration adjust knob. Rinse the
electrodes well with distilled water, wipe dry with a lab tis~
sue, and immerse in different buffer. The measured value of
the second buffer should agree within 0.1 pH unit of the
stated value for good quality electrodes.

c. 1f problems occur, check the electrolyte level in the refer-
ence electrode, the porous plug in the reference electrode, to
be sure it is not plugged and the glass membrane of the
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measuring electrode to be sure it is not coated with dirt or
grease and is not scratched. Most problems can be traced to
faulty electrodes. Replace electrodes if necessary to achieve
proper performance.

d. Some pH meters have a slope adjustment to correct for a non-
linear electrode response. If available, set the proper pH
value of the second buffer with the slope adjustment.

e. Correct drift. The pH reading for nonbuffered samples will
not stabilize as fast as with highly buffered solutions.

Place the electrodes in a typical water sample after the meter
has been standardized. Turn the meter on and observe the pH
reading. It shoulu stabilize in 30 to 60 sec. If not, check
the electrodes for proper performance as previously mentioned.

117. Newer model pH meters may perform various functions automatically
(i.e. temperature compensation, buffering, etc). It is still necessary, how-
ever, to make sure that the electrodes are in good repair and functioning

properly.

Solids (Residue)

118. All of the tests for solids are gravimetric. Because there are so
many variables, total solids and the various portions of solids are most prac-
tically defined in terms of the test conditions used for their determinationm.
Using the term "residue" emphasizes that the data obtained is for matter which
remains after applying treatments specified by a standard test procedure.

119. Some of the interferences and sources of error associated with
solids analysis are listed below:

a. Normally, nonrepresentative particulates such as leaves and
sticks are removed from the sample before processing.

b. Floating oil and grease should be included in the sample and
dispersed by a blending device before taking an aliquot for

analysis.

¢. 1If evaporation of total and/or dissolved (filterable) solids
is conducted in a drying oven, lower the temperature to 98°C
to prevent boiling and spattering of the sample.

d. Negative error is possible due to loss of volatile materials

during evaporation.

e. Use tongs or weighing gloves to handle crucibles and evaporat-
ing dishes because fingerprints can result in weighing errors.
+ - -
f. Hygroscopic components (e.g. Ca+2, Mg 2, Cl 1, SOA 2) require

prolonged drying and desiccation, followed by rapid weighing.
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g. Bicarbonate component requires careful and prolonged drying to
ensure conversion to carbonate.

h. Take every possible precaution to obtain a representative
sample.

120. It is important to remember that due to the nature of the tests,
residue analysis does not yield extremely accurate results. Consistent
technique in carrying out the steps of the test as specified can control

procedural variables and increase the quality of the data.

Turbidity

121. Turbidity measurements represent the optical property of light
scattering by suspended solids. The nephelometer is the generally accepted
means by which turbidity is measured. Likewise, the preferred expression of
turbidity is in nephelometric turbidity units (NTU). Basically, the nephelo-
meter measures light scattered at a 90-deg angle to the incident light beam
and then relates this scattered light to the sample's actual turbidity.

122. The most significant practical consideration in turbidimetric mea-
surement is the difference in measuring turbidity among different instruments
that have been calibrated with the same standard material. Differences in the
spectral characteristics of the light source/detector combination are the pri-
mary reason for different instruments giving different values for the same

sample. The authors of Standard Methods (APHA 1980) have attempted to mini-

mize variation by specifying the critical components of an instrument for
turbidimetric measurement:

a. Light source: Tungsten-filament lamp operated at a color
temperature between 2,200° and 3,000°K.

b. Distance traversed by incident light and scattered light
within the sample tube: total not to exceed 10 cm.

¢c. Angle of light acceptance by detector: centered at 90 deg to
the incident path and not to exceed * 30 deg from 90 deg. The
detector and filter system, if used, shall have a spectral
peak response between 400 and 600 nm.

The tolerance established by these specifications still allows substantial
variability among instruments. Successful correlation of measurements from
different turbidity stations can be achieved by using the same instrument

model at each station.
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123. The greatest misunderstanding in turbidity measurement concerns
the natural desire to equate the quantity (milligrams per litre or parts per

million) of a sample's suspended material with the sample's measured turbid-

ity. Turbidity is a measurement of the light-scattering properties of a
sample's particulates; and, as explained previously, particulate makeup and
instrument sensitivity directly affect light scattering and its detection.
The analyst must restrict direct correlation of turbidity and quantity of
suspended matter to cases where several turbidity measurements are made in

succession with the same (or same type of) instruments on samples with the

same particulate makeup. Even in these cases many samples do not exhibit a

. linear relationship between parts per million suspended matter and turbidity
.l value. For example, a natural sample showing a turbidity of 500 NTU often
shows a turbidity of substantially more that 100 when diluted 5-to~1 with dis-

s tilled water. This nonlinear response is due to multiple scattering and

greater absorption occurring at the higher concentration.

124. Generally, measurement of turbidity provides an immediate estimate
of the relative quantity of suspended solids. For direct suspended solids
measurements for each type of turbidity material, turbidity readings must be
supported by auxiliary measurements and a correlation (calibration) curve must

be established (Hach, Vanous, and Heer 1982).

Acidity and Alkalinity

125. Acidity and alkalinity are simply quantitative measures of a
water's capacity to neutralize a strong base or acid to a designated pH.

There are numerous references mentioned in previous chapters which will
explain fully the principles and theories behind acidity and alkalinity
measurements.

126. For the measurement of both of these parameters, the USEPA has
recommended the volumetric method with the equivalence point being determined
electrometrically (pH meter). The use of a color indicator (methyl orange) is
recommended only for the automated method. It should be noted that under
National Pollutant Discharge Elimination System (NPDES) requirements, pH

meters must be used for the measurement of pH.
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127. The pH meter is the primary equipment used in acidity and alkalin-
ity measurements. If the calibration of the pH meter is checked regularly and
the suggestions for operation of a pH meter mentioned previously are followed,
many possible problems with acidity and alkalinity measurements can be
avoided.

128. Other factors to be aware of in acidity and alkalinity determina-
tions include:

a. Collect samples in clean plastic or glass bottles making sure
that the bottles are completely filled and capped tightly.

b. Avoid excessive agitation or prolonged exposure to air because
dissolved gases (e.g. carbon dioxide, hydrogen sulfide,
ammonia) can contribute to acidity or alkalinity.

c. Analyze samples as soon as possible after taking them. Refri-
gerate samples at 4°C but remember to warm the sample to room
temperature before testing.

d. 1f samples are filtered (automated analysis), the data cannot
be used for NPDES reporting.

e. For samples containing hydrolyzable metal ions (e.g. ferrous
or ferric iron, aluminum, manganese), use the hot peroxide
hydrolysis procedure outlined in Standard Methods (APHA 1980).
This will eliminate drifting end points caused by slow
reaction rates of these metal ions.

frn

In the potentiometric titration, oily matter, suspended
solids, precipitates, or other waste matter may coat the glass
electrode and cause a sluggish response. Difficulty from this
source is likely to be revealed in an erratic titration curve.
Do not remove interferences from sample because they may con-
tribute to its acidity. Pause between titrant additions to
let electrode come to equilibrium.

Hardness

129. The method normally used to determine hardness is the Ethylenedi-
aminetetraacetic acid (EDTA) titration method. Other than standard laboratory
glassware, no special equipment is required for the hardness analysis.

130. Suspended or colloidal organic matter may interfere with the
titration end point. This can be eliminated by evaporating the sample to dry-
ness and oxidizing the organic matter in a muffle furnace at 550°C.

131. As outlined in Standard Methods (APHA 1980), inhibitors (e.g.

NaCN, MgEDTA) must be used to reduce the interferences caused by certain metal

ions. These interferences may appear in the form of fading or indistinct end
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points or as pseudo-hardness due to the stoichiometric consumption of EDTA.
Table 10 gives some information concerning common interferences in hardness
titrations.

132. If the hardness contributed solely by calcium and magnesium is to
be determined, then the calculation method (Standard Methods (APHA 1980)) may

be used as long as the capability exists to measure the quantities of calcium
and magnesium ions present. If the concentrations of soluble metal ions are
known, a correction can be made to the total hardness to obtain the hardness

contributed by calcium and magnesium only. The hardness contributed per mil-

ligram per litre of metal ion is listed below for individual metals. This is
a cumbersome way to determine Ca and Mg hardness, and should not be used in

preference to the calculation method in Standard Methods (APHA 1980).

Metal (per mg/%) Hardness Equivalence Factor (ggi} hardness)
Iron 1.792
Aluminum 3.710
Nickel 1.705
Copper 1.575
Cobalt 1.698
Strontium 1.142
Bar{um 0.729
Zinc 1.531
i‘ Manganese 1.822
F Chloride

133. The preferred methods for chloride analysis are normally the sil-

ver nitrate or mercuric nitrate titrations as outlined in Standard Methods

(APHA 1980). The procedures are relatively simple with few complicatioms.

Bromide, iodide, and cyanide all titrate as chloride. Oxidation with hydrogen

peroxide is necessary to remove interfering sulfur components (e.g. sulfide,

PP S|

sulfite, thiosulfate). In the silver nitrate titration, silver phosphate will

precipitate in an excess of 25 mg/% orthophosphate. Chromate and iron in

MPAPN PRy

excess of 10 mg/% will also produce interfering effects in both methods.
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Table 10

Common Interferences In Hardness Titrations¥*

Interference

Level

Treatment/Comments

Acidity

Alkalinity

Aluminum

Barium

Cobalt

Copper

Iron

Manganese

Nickel

Phosphate,
ortho

Phosphate,
poly

Seawater

Sodium

No interference up to
2500 mg/% as CACO3

No interference up to

10,000 mg/2 as CACO3

No interference up to
0.20 mg/2 Al

Titrates directly as
hardness

Interferes at all
levels

No interference up to
0.10 mg/% Cu

No interference up to
15 mg/2 Fe

No interference up to
20 mg/% Mn

Interferes at all

levels

Causes early end points

Interferes at all
levels

No interference

Interferes at saturated
levels

For higher levels neutralize sample
to pH 7 before running test

For higher levels make sample acidic
and stir for 2 min (to remove
COZ)’ then neutralize before
running test

Add potassium cyanide or add CDTA**
Magnesium Salt

Not normally present in greater that
trace amounts in fresh waters

Add potassium cyanide or add CDTA
Magnesium Salt

Add potassium cyanide or add CDTA
Magnesium Salt

Levels up to 30 mg/2 give an
accurate red-orange to green end
point. Potassium cyanide has no
effect. Add CDTA Magnesium Salt

Add 0.05 g of hydroxylamine hydro-
chloride for up to 100 mg/4 Mn
or add CDTA Magnesium Salt

Add potassium cvanide CDTA
Magnesium Salt

Titrate to a stable blue color which
does not reverse to red on
standing

Does not occur naturally. Can be
converted to orthophosphate by
acid pretreatment

Contains hi h Mg levels and requires
a dilution (=1:25) or a stronger
FDTA titrant (e.g., 0.100 M EDTA)

Dilute sample or titrate hot

(Continued)

* Hach, Vanous, and Heer (1981).
** CDTA = discdium cyclohexanediaminetetraacetate.
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Table 10 (Concluded)

Interference Level Treatment/Comments
Strontium Titrates directly as Not normally present in greater than
hardness trace amounts in fresh water
Temperature No interference between Cold samples should be titrated

2.5° and 95°C

Turbidity No interference unle
end point color

change cannot be seen

Zinc Interferes by causin
a slow end point

$8

g

slowly near the end point. Allow
adequate time for the color change
to occur

Ashing is recommended when large
amounts of organic matter are
present

Add potassium cyanide CDTA Magnesium
Salt
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134, The automated colorimetric ferricyanide method is another method
sometimes used for chloride analysis when the instrumentation is available.

Turbid and discolored samples and high suspended solids can cause physical

problems in the automated system. Filtration may be necessary and can be done

using an in-~line continuous filter.

i i St s s

Sulfate

135. The analysis of water samples for sulfate is another relatively
simple process. The gravimetric method is subject to interferences causing
both high and low results. It is also slow and cumbersome and therefore most
water quality laboratories chose the turbidimetric or automated method for
sulfate analysis.

136. The main consideration in performing the turbidimetric method for
sulfate is timing. From the time barium chloride crystals are added to the
sample, the technique must be consistent (i.e. time, mixing speed, dilution,
etc.) and the timing the same until a maximum turbidity is obtained. It is
critical that all samples, standards, and spikes be treated identically.

137. The main point to remember in the automated methylthymol blue
method for sulfate is that the chemistry does not conform to Beer's Law and is
pot linear. Either an adjustable linearizer must be used or a nonlinear curve
must be drawn. Any time a nonlinear curve is used it is a good idea to use
more standards (six to eight) than normally used to produce the standard
curve. A close watch should also be kept on the ion exchange column. Depend-
ing upon the nature of the samples, the ion exchange column may need to be

cleaned or replaced more often than with relatively clean samples.

Sulfide

138. Water containing dissolved sulfides readily loses hydrogen sul-
fide, particularly if the pH of the sample is low. Oxygen destroys sulfides
by oxidation, particularly if the pH of the sample is high. Aeration of the
sample should, therefore, be avoided. When samples are taken the bottles
should be completely filled to eliminate as much air as possible. Addition of

zinc acetate and raising the pH above 9 with sodium hydroxide will fix the

67

[ . - . - P R TR VA A T - At T e At R <t . P .
. e . D P P P P T It S Y 70 S St S e e .
aAtan bt ok o nbimimindemdmddiomd m e e e e ok e et a A el ata




sulfide for several days. Acid water must be neutralized before addition of
the zinc acetate.

139. Strong reducing agents interfere with both the iodometric and
methylene blue procedures. These interferences can be eliminated by first
precipitating zinc sulfide, then replacing the supernatant with distilled
water. If the procedures outlined in Standard Methods (APHA 1980) are fol-

lowed closely, most analytical problems with sulfide can be avoided.

Fluoride

140, The principal source of error in fluoride analysis is the presence
of interfering ioms. This is particularly true of the colorimetric methods.
Table 11 lists some ions commonly found in water and their effect on the
SPADNS and electrode methods of fluoride analysis.

141. 1In colorimetric analysis, one of the mechanisms by which these
ions cause error is the changing of the reaction rate. Since the determina-
tion is based on color development, variations in reaction rate cause varia-
tions in fluoride reading.

142. Some ions complex with either fluoride, in all methods, or with
zirconium, in the colorimetric methods. When fluoride 1s complexed, low
results are obtained, and when zirconium is complexed, the intensity of color
is altered.

143. Chlorine bleaches out the colors of dyes and must always be
removed before the sample can be analyzed colorimetrically. Stannous chloride
is used to eliminate the chlorine, chromate, and other strong oxidizing agent
interferences.

144, 1f interfering ions cannot be removed or compensated for, the sam-
ple must be distilled. Distillation is seldom necessary with the electrode
method since it is legst affected by interfering ioms.

145, Some small but important techniques to remember in the analysis of
fluoride include:

a. The addition of the highly colored SPADNS reagent is critical
and should be done with the utmost accuracy. A small error in

reagent addition is one of the most prominent sources of error
in the SPADNS test.
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Table 11

Fluoride Interferences*

Substance SPADNS Electrode
Alkalinity 5,000 (=) 7,000 (+)
Aluminum 0.1 (=)** 3.0 (=)
Chloride 7,000 (+) 20,000 (-)
Iron 10 (=) 200 (-)
Hexametaphosphate 1.0 (+) >50,000
Phosphate 16 (+) >50,000
Sulfate 200 (+) 50,000 (-)
Chlorine Must be completely

removed with arsenite >5,000
Color and turbidity Must be removed or -

compensated for

* Concentration of substance, in milligrams per litre, required to cause an
error of *0.1 mg/% at 1.0 mg/L fluoride.

** For immediate reading. Allowed to stand 2 hr tolerance is 3.0 mg/&. The
4-hr tolerance is 30 mg/f. After USEPA (1981).
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b. In the automated complexone method, be sure the
8~hydroxyquinoline and subsequent chloroform extraction is
performed on samples suspected of containing 0.2 mg/% or more
of aluminum.

c. In the selective ion electrode method ensure that pH 5.0 buf-
fer is added to samples to eliminate interferences due to
aluminum, iron, and silicon and other complexes formed at
extremes of pH.

d. If the fluoroborate ion (BFA) is present the sample must be

distilled to hydrolyze the fluoroborate to free fluoride;
otherwise the ion selective electrode will not respond to the
fluoroborate bound fluoride.

Cyanide

146. Cyanide is normally determined by distillation followed by a
silver nitrate titration or colorimetric procedures (barbituric acid or
pyridine - pyrazolone methods).

147. The methods detect only simple cyanides, and it is therefore
necessary to break down any complex cyanides present. The decomposition of
complex cyanides is normally accomplished by acid reflux or UV digestion fol-
lowed by distillation.

148. Common interferences include sulfide, heavy-metal ions, fatty
acids, steam-distillable organic compounds, cyanate, thiocyanate, glycine,
urea, oxidizing agents, and substances which may contribute color or turbidity
to the sample. These interferences may be removed or their effect mitigated
as follows:

a. Sulfide is removed as lead sulfide by adding a slight excess
of lead carbonate to 400 ml of the alkaline (pH 11.0 or above)
sample. Filter the sample immediately, wash the precipitate,
and add the washing to the filtrate.

b. Fatty acids are removed by acidifying 400 ml of sample with
acetic acid to a pH between 6 and 7 and extracting with 80 ml
of either isoctane or hexane. A single extraction is usually
sufficient,

c. Oxidizing agents are removed by adding sodium sulfite or
sodium arsenite until a negative test with starch-iodide paper
is obtained.

d. Most remaining interferences are removed by the distillation.
Standard Methods (APHA 1980) and Annual Book of ASTM
Standards - Section 11 (ASTM 1983a) have good sections on
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troubleshooting the various interferences associated with
cyanide analysis.

149. Extreme caution must be exercised in the analysis of cyanide due
to its toxic nature. However, many laboratories have been observed performing
cyanide analyses outside of a hood. Do not take this analysis for granted as

far as safety is concerned.
Metals

150. There is a vast quantity of literature available which addresses
the problems and solutions involved in the analysis of metals by atomic
absorption spectrophotometry (AAS). A repetition of information available in
. USEPA (1983) and APHA (1980) will be avoided; however, a review of the major

types of interferences will be helpful. The major AAS interferences include
ionization effects, chemical effects, matrix effects, spectral line effects,
and background absorption.

Ionization effects

151. 1f a significant number of the atoms of the element being deter-
mined become ionized in the flame, an error in the analysis will result. This
ionization is due to excessive flame temperature, which may be altered to con-
trol this interference. Another type of interference may be caused by the
presence in the sample of other, more easily ionizable elements than the one
sought. The signal enhancement which results may be controlled by the addi-
tion of a sufficient amount of the interfering element to both sample and
standards to produce a "plateau" in the absorbance curve, above which no
further increase occurs.

Chemical effects

152. This type of interference is due to the formation, in the flame,
of compounds of the element sought which are difficult to decompose, thus
reducing the amount of the element available for absorption. The formation of

such compounds may often be precluded by the addition of another element, such

as lanthanum, which forms a less-soluble salt with the interfering anion than
does the element desired. The interfering anion is thus effectively reduced
. in concentration in the flame, and the interference is minimized. A modifica-
tion of the fuel-to-oxidant ratio of the flame as well as the choice of fuel

and oxidant can also be used to reduce this type of interference.
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Matrix effects

153. Unequal amounts of dissolved solids in samples and standards may
cause errors in the analysis due to different nebulization of such solutions
by the atomizer. This may usually be controlled by matching the density or
viscosity of samples and standards, or by adding a noninterfering salt to the
standards. Usually, if matrix effects are severe, the standard addition tech-
nique is used.

Spectral line effects

154. Spectral line interference is not commonly encountered. It occurs
when there is overlap of a spectral line of the element sought and that of
another element that is present in the test sample. Usually, sufficiently
high resolution of the spectrometer precludes these problems. However, when a
nonanalyte element is present at very high concentration, its atomic line
becomes broadened to the extent that it may overlap the line of the sought-for
element. The analyst should always be alert to the possibility of errors due
to interference of this type.

Background absorption

155. Background absorbance is a collective term used to describe the

combined effects of flame absorption, molecular absorption, and "light scat-
tering." 1t is caused by samples with complex matrices which produce
erroneously high analyte absorbance readings. This effect is usually elimi-
nated by the use of background correction such as the deuterium arc (continuum
source). Molecular absorption can also often be controlled by using a higher
temperature flame with enough energy to break down the absorbing molecular
species (USGS 1978).

156. Another method of metals analysis in use in CE water quality
laboratories is AAS incorporating a heated graphite furnace. This technique
has the advantage of requiring only a very small quantity of sample, and of
providing greater sensitivity than flame AAS. Graphite furnaces require
longer analysis times and greater operator expertise. Matrix effects may be
serious, and it is frequently necessary to use a standard addition method to
ensure reliable data.

157. 1t should be pointed out that with the method of standard addi-
tions a minimum of two additions is required, and that each addition should

produce a change in absorbance equal to the observed absorbance of the sample.

Loa
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It is important that the additions show a linear relationship with concentra-
tion and that there be no background component to the absorbance of the sam-
ple. If either of these premises is violated, the standard-addition method is
invalid.

158. As previously stated there are a large number of references avail-
able which address the techniques of metal analysis and the methods for over-
coming interfering effects. For specific guidance in these areas, references
mentioned previously in this report and instrumentation manuals should be

examined.

Nitrogens

159. USEPA (1983) contains a good description of possible interferences
occurring in the analysis of the various forms of nitrogen. This discussion
will identify wrong procedures and errors which can adversely affect the qual-
ity of the different forms of nitregen.

160. Mercuric chloride has been used as an effective preservative for
nitrogen; however, its use is now discouraged. The mercury ion interferes
with some of the nitrogen tests and also presents a significant disposal prob-
lem, Sulfuric acid (pH <2) and refrigeration are combined as the proper pre-
servation techniques for nitrogen forms. Even when properly "preserved," con-
version from one nitrogen form to another may occur. Samples should therefore
be analyzed as soon as possible.

161. Ammonia samples are easily contaminated by ammonia in the labora-
tory atmosphere. Any digestion and distillation processes should be performed
in a fume hood that is operating properly and that is located in an ammonia-
free area of the laboratory. Other laboratory procedures may be performed
outside or near this fume hood only if there is no possibility of ammonia
contamination.

162. Acid will destroy the cadmium reduction column in the analysis of
nitrate-nitrogen. Therefore, samples must either be neutralized or not acid
preserved. A buildup of suspended matter in the reduction column will re-
strict the flow. Filtration is recommended to remove suspended material. A

preextration with an organic solvent may be necessary to remove large amounts
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of oil and grease. 01l and grease can coat the surface of the cadmium thus

decreasing the efficiency of the reduction column.

Phosphorus

163. 1In addition to the interferences described in Standard Methods

(APHA 1980), erroneous results may be obtained due to phosphorus-contaminated
glassware and filters. Contaminated glassware is avoided by cleaning it with
hot 1:1 HCl, treating it with procedure reagents, and rinsings with distilled
water. Preferably this glassware should be used only for the determination of
phosphorus and protected from dust during storage.

164. The various forms of phosphorus are defined in Standard Methods

(APHA 1980); however, it must be realized that preservation measures only
retard the change in these various phosphorus forms. Possible physical
changes include solubilization, precipitation, and adsorption on or desorption
from suspended matter. Possible chemical changes include reversion of poly-~
phosphates to orthophosphates and decomposition of organic or mineral phospho-
rus. Possible biological changes include microbial decomposition of organic
phosphorus and algal or bacterial growth forming organic phosphorus. One can
see from these possible changes that analysis must be performed as soon as
possible.

165. The most disregarded sources of phosphorus contamination are
glassware and sample handling. If proper care and technique are employed in
glassware preparation and sa.iple handling, the standard methodologies should
handle most chemical interferences thus making it possible to obtain good,

reliable phosphorus data.

BOD, COD, and TOC

166. These tests have probably been the subject of as much controversy
as any tests in the water and wastewater field. However, this discussion will
bypass any controversy and try to elaborate on some of the procedural pitfalls

which may be encountered.
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BOD

167. The BOD test is one of the oldest water quality parameters in use
today, but it is being used less and less. The time constraints (5-day
incubation) and physical handling problems make the BOD less desirable than
others from an analyst's point of view. Things to remember when performing

the BOD test include:

a. Analyze samples as soon as possible.

b. Warm refrigerated samples to 20°C before analysis.

¢. Ensure cleanliness of BOD bottles in order to ensure low
blanks.

d. Run checks on dilution water.

e. Determine satisfactory seed and ensure its freshness.

f. Mix dilutions well and make sure enough dilutions are
analyzed.

8- Do not allow air space in bottles.

h. Ensure a water seal in BOD bottles over entire 5-day
incubation period.

i. Consider invalid any bottles containing entrapped air bubbles

after incubation.

j. Make sure the initial dissolved oxygen of aerated buffered
dilution water is greater than or equal to 7.0 mg/%&, and
preferably greater than or equal to 8.0 mg/f% but never greater
than saturation value.

k. Be aware that since there are so many variables, consistent
technique will produce good replication better than any other
single suggestion.

1. In data evaluation, be aware of the limitations of the BOD
procedure.

coD

168. 1In the COD test the dichromate reflux method is the preferred
anal, tical method. There are macro and micro versions of the d.chromate
reflux method and the particular situation and final data use may determine

which method is used. As described in Standard Methods (APHA 1980), there are

problems with nonoxidation of volatile straight-chain aliphatics and positive
interferences exerted by nitrites, ferrous iron, sulfide, and manganous com-
pounds. However, probably the greatest and most common interference is exhib-
ited by chloride. Mercuric sulfate is added to complex chlorides below

1000 mg/%. At higher chloride concentrations a chloride correction curve must

be made and applied to the final data. Because of the chloride problems in
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the COD analysis, the concentration of chloride should be known for each COD
analysis.

169. Special precautions which are advisable for the higher level COD
procedure and essential when performing low level COD include:

. Keep the apparatus assembled when not in use.

o I

. Plug the condenser breather tube with glass wool to minimize
dust entrance.

c. Wipe the upper part of the flask and lower part of the
condenser with a wet towel before disassembly to minimize
sample contamination.

d. Steam out the condenser after use for high concentration

samples and periodically for regular samples. Use the regular
blank reagent mix and heat, without use of condenser water, to
clean the apparatus of residual oxidizable components.

e. Ensure that the distilled water and sulfuric acid are of very

high quality to maintain low blanks for the low level COD
procedure.

170. The micro COD method may offer certain advantages (e.g. smaller
amounts or reagents, less apparatus, and less space), but the same precautions
concerning cleanliness and safety should be observed as for the macro method.
In the micro method screw caps with phenolic resin liners are unacceptable
since they are attacked by the digestion solution giving erroneously high COD
values. Teflon-lined caps greatly reduce this problem, especially if each cap
is used only once. Any sample tube which leaks, as evidenced by a black resi-
due on the outside of the tube, should be discarded.

T0C

171. The TOC test is normally performed on carbon analyzers incorporat-
ing infrared or flame ionization detection systems. All carbonaceous matter
is oxidized and converted to carbon dioxide or methane and detected by infra-
red or flame ionization, respectively. Points to remember when performing TOC
analysis include:

a. Depending upon the type of carbon analyzer used, the

representativeness of the sample taken for introduction into
the instrument is very important. Syringes will only accommo-
date certain size particles and this must be considered in the
TOC analysis. Homogeneous samples are a necessity.

b. Purging of inorganic carbon will cause the loss of certain
volatile organics. This must be evaluated for individual
samples and recognized when reporting the data.

76

. oo .
R L

L N - W R te T e %
PRI RIS AP AS IF IR APy




DT AN A AT AN S i sundl- as 4R ot i SBSEC il Besdes e T—

¢. Instrument operations manuals should be followed closely.
Certain types of samples may require a method development
effort in order to ensure the reliability of the data.

Summary

172. Table 12 is a comparison of certain parameters relative to the
BOD, TOC, and COD tests. Even though TOC may be more precise than either BOD
or COD, it does not yield the same kind of information. None of the three

tests is a total substitute for the other tests.

Continuous Flow Analysis

173. As noted in the CE water quality laboratory survey, most District
and Division laboratories employ continuous flow automatic analyzers (CFAA) in

certain colorimetric analyses. Since these analyzers are widespread and in

common use, a discussion of various operational hints and techniques will be
presented.

174, 1n building and operating the CFAA system, remember to keep the
following in mind:
. All tubing should be kept short.

lor I

. Glass transmission tubing should be kept to a minimum.
Aqueous liquids adhere to or "wet'" glass, thus increasing
sample diffusion.

c. Appropriate fittings should be used to butt tubing to tubing
(N8 and N9 nipple fittings) and tubing to glass (N5 and N6
nipple fittings) connections. Use either 0.110 in. ID sleev-
ing to butt glass to glass, or 1/8- x 1/4-in, heavy wall
sleeving. Generally, try to use 1/8~ x 1/4-in. sleeving; the
thicker wall of the 1/8- x 1/4-in. tubing will protect glass
against breakage from shock and will prevent sagging at the
butted joints. The 0.110~in. ID sleeving is more often used
with the small diameter glass fittings and tubing used with
AutoAnalyzer II systems.

d. All connections should be snug and without spaces in order to
avoid breakup of bubbles. Spaces also act like stream eddies,
trapping material from previous liquid segments.

e. A 4-in. stainless steel sample probe with a 0,.025-in. ID bore
is most often used for delivery rates of more than 2.0 m%/min.
A microprobe (0.015 in. ID) is used for delivery rates less
than 2.0 mf/min. Sample probes of glass or Teflon are used
for acid or caustic samples.
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Table 12

Comparison of BOD, TOC, and COD*

Parameter BOD TOC COD
Oxidant used Bio-oxidation by 02 K2Cr207 (Others have been
microorganisms K,Cr,0 used in the past, most
277277
K.S.0 notably KMnOA)
27278

Time element

Most suitable use

Accuracy and

precision

Advantages

Disadvantages

5 days

Predicting treatment
plant operations
and stream loading
effects

Not considered highly
accurate, 115%
standard deviation

Most closely
approximates
natural conditions
with proper seed

Toxic materials will
kill microorganisms

Microorganisms do not
oxidize all
materials present
in wastes

Tnaccuracies with
improper seed

Length of time
required to obtain
results

Combinations of above
plus various
catalysts

Minutes to hours

Measuring total
amount of carbon in
organic pollutants

+ 3-6% standard
deviation

More precise than BOD
and COD

TOC and COD may be
run on same sample
for greater
information

Requires expensive
equipment and a
highly trained
operator for
maintenance

Some methods may
oxidize some
pollutants
incompletely

Measures only total
carbon, not oxygen
demand potential

2 to 3 hr

Rapid and frequent
monitoring of treatment
plant efficiency

Varies, 5-10% standard
deviation, May be
higher with levels of
suspended solids

Correlates with BOD on
waste with components
of constant composition

Change in COD value
between influent and
effluent may parallel
BOD value or supplement
BOD

Toxic materials do not
affect oxidant

Interference from high
levels of CI

Correlation studies
between BOD and COD
values must be run

Some types of organic
compounds are oxidized
incompletely

* After Hach, Vanous, and Heer (1984),
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The sample line connecting the sample probe with the pump tube
should be either polyethylene or Teflon with a 0.025- or
0.015-in. ID. The sample line should be kept as short as
possible and its internal diameter should never exceed that of
the pump tube.

g- The sampler wash pump tube should be at least one size larger
than the sample pump tube.

h. Never use a combination of sample and reagent pump tubes that
adds up to a diameter less than the diameter of the transmis-
sion tubing or improper filling will occur.

I

Sample cups should be used that are compatible with the
sample. Blanks should be analyzed.

j. Sampler power line should be plugged into a separate circuit
from the recorder power line. This will prevent electronic
spiking which may occur on the recorder each time the sampler
probe is activated.

k. Pump tubes should be replaced to avoid snaking or side-to-side
twisting (generally after about 160 hr of operation).

175, There are certain procedures which can be used to increase the
system sensitivity. Some of the best and easiest methods include:

a. Increase the size or add another delay coil to increase the
reaction time for color development (will not help UV
methods) .

o

Increase the temperature of the heating bath in 2°C increments
until desired or maximum sensitivity is attained. This tem-
perature is normally optimized for specified methods and
chemistries.

c. The quickest and simplest way to increase sensitivity is to
increase the flowcell size (path length).

d. TIncrease the gain on the recorder and/or the colorimeter. Use
caution because baseline noise will also proportionally
increase.

. Increase the aperture of the sample cell to its maximum.

e

f. Decrease the aperture of the reference cell toward its

" minimum. Exercise caution in decreasing light to the refer-
ence detector because poor response and loss of sensitivity
will occur after a point (normally beyond 50 percent light
reduction). Generally a decrease in reference cell aperture
must be accompanied by an increase in the recorder electronic
gain,

176. Recorder peak shapes and patterns can give good indications of
specific system problems. Table 13 is a listing of some of the symptoms of .

the most commonly encountered peak distortions and their causes and cures. ;
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Table 13

Symptoms, Causes, and Cures for lrregular CFAA Peak Shapes and Patterns

Symptom

Cause

Cure

Rise curve of peak travels too Slowly
and does not reach steady-state. Fall
curve of peak returns to baseline
too rapidly

Peak tailing

Broad peaks that return to baseline

Broad peaks that do not return to base-
line

Sharp peaks that are not within 95% of
steady-state

Spurious peaks appearing intermittently
during analysis

Recorder pen travels off the scale on
the strip chart

There 1s a sudden shift in the baseline
while peaks vrntinue to appear

There is cycling of the thermostat in
the heating bath (or dialyzer) coupled
with {ncomplete reactinn (or dialysis)

There is rapid cveling increase/decrease
of peak height when the same sample is
tested repeatelly

An erratic pen movement results ir
spikes that appear routirely on the
strip chare

Rise curve too slow with nonatrainment of
steady-state, The flowcell pumping rate
1s too low; hence, slow washout of
flowcell,

Fall curve returns too rapidly; wash time
greater than sample time. The high wash
time will not cause inaccuracy, but the
time is better spent on sampling rate.
On the other hand, the low flowcell
pumping rate will cause imprecision if
samples fail to reach steady-state.

Tailing i{s due to adsorption of either the
solute or a reagent (certain reagent dyes
l1ike pararosaniline in the sulfur dioxide
method) on the inside of the tubing.
Severe tailing, 1f uncorrected, will
cause excessive carryover.

Although these peaks are acceptable, a
considerable amount of time is lost in
analysis. The peaks indicate that both
the sample and wash time are too great.

The sample time {s too large, and/or

Flowcell pumping irate is too slow.

Sampling rate is too fast and sample time
is too short,

Air bubbles are passing through the
flowcell intermittently.

Air is trapped in the flowcell,

Sample concentration is too high,
There is a bubble trapped in the flowcell.

There is slow cyclic {ncrease/decrease of
peak hefght when the same sample {s
tested repeatedly.

The sampler cam is defective, Look for a
repetitive pattern. For example, If the
pattern repeats every three peaks and
the center peak of each triplet is high,
this indicates that one lobe of a cam
having three lobes (a 30 per hour cam) is
defective.

Switching serve {s on the same power line as
the sampler,

Increase flow rate through flowcell,

Decrease wash time and increase sampling rate.

Change to a more inert tubing (glass faor
aqueous streams and Teflon for organic
streams). In addition, increase the wash
time (decrease sample-to-wash ratio) but do
not decrease sample time. Instead, slow
down sampling rate and decrease sample-to-
wash ratio.

Reduce both the sample and the wash time and
increase the sampling rate.

Decrease sample time. Although the peaks are
acceptable, a considerable amount of time is
lost. The wash time is correct.

Increase flowcell pumping rate.

Decrease the sampling rate.
Increase sample time,

Check for proper debubbler. Also be sure that
the pull-through pump tube flow rate is not
too fast, Lower temperature of heating bath.
High temperature can cause dissolved gases to
be released from stream.

The trapped air bubbles can be dislodged by
squeezing the pull-through line after the
flowcell for 10 sec and letting go.

Tilt the whole detector so that the outlet of
the flowcell is slightly higher than the
inlet.

If bubbles are repeatedly trapped in the
flowcell, check the flowcell for rroper
positioning and check that the sample pickup
line is not aspirating air.

Dilute sample and/nr decrease colovimeter
sensitivity (gain),

Squeeze any air bubbles out as in the previous
problem.

Replace the thermoregulator,

Either replace the cam or increase the sample
time. [If each peak reaches steadv-state,
defects in the sampler cam will not cause 3
problem,

Plug the power line of the sampler into a
separate clircuit as a temporarv measure.
Repair cr replace the servo switch,
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177. The ideal baseline in continuous flow analysis is free of noise

YT TTTTe "W"*j

and drift. This is seldom attained, especially in high sensitivity analysis.
Therefore, a compromise between the ideal baseline and a sensitive detection
system must be reached. A noisy baseline may be caused by:

a. Incomplete mixing of reagent and sample streams. An extra 5-
or 10~turn coil should solve this problem.

b. Minute air bubbles in the stream (check for turbulence at
right angle junctions, keep heating bath temperature below
90°C, check for volatile substances in samples, degas
solutions).

c. Particulates from samples or coated tubing (filter samples or
replace tubing).

d. Incomplete solubilization of reagents. i
e. 0il particles (same as c). .
f. Loose or worn pump tubes. .

g- An empty reagent container.

h. 1Incorrect bubble pattern.

i. Recorder gain too high.

Jj. Poor recorder electronics (verify by operating recorder

alone).
k. Defective photocells.
178. Although a baseline drift is occasionally due to a detector and/or
recorder malfunccion, it is generally due to problems occurring wiihin the
analytical stream. A drifting baseline may be caused by:

. Slowly deteriorating photocells.

o (e

. A flowcell that is partially blocked by particles or bubbles.

Coating of the flowcell (adjust pH, clean system, use
surfactant).

e]

d. Schlieren effects (especially with "bottom-to-top" flowcell
de<ign), which are caused by changes in the refractive index
of the solvents. These are eliminated when a single thickness
of translucent tape is placed on one window of the flowcell.
This will make the detector less sensitive to Schlieren
effects. Back-to-front type flowcells (Technicon Corp.) are :
designed to eliminate the effects of laminar flow and
Schlieren effects.

179. Uneven bubble spacing will cause severe problems, tht overall
effect being an increase in noise and an irratic baseline and peak shape. The

following guidelines may be used to ensure proper bubble patterns:

o a. Use plastic transmission tubing wherever possible. Keep glass
b transmission tubing as short as possible.

%
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o

Use surfactants to help prevent the formation of 'grease"
spots.

¢. Give system a [5-min wash daily with 0.1 N sodium hydroxide
followed by a thorough distilled water rinse. The sodium
hydroxide helps to make the plastic tubing wettable.

d. Use crimped plastic tubing and glass tubing with 90-deg bends,
which will also break up bubbles.

Priority Pollutants

180. 1In June 1976 the US District Court Settlement Agreement brought to
a conclusion several lawsuits concerning the regulation of toxic discharges.
The Settlement Agreement requires the USEPA to investigate and develop control
regulations for the discharge into waterways and publicly owned treatment

works of '"129 priority pollutants,” from 21 general point source industrial
processes. Bis-chloromethyl ether, dichlorofluoromethane, and
trichlorofluoromethane have since been removed from the list leaving 126 toxic
pollutants now listed as "priority" toxic pollutants. These pollutants were
selected on the basis of their presence in effluents; presence in drinking
water or fish; known or suspected carcinogenic, mutagenic, or teratogenic
properties; likelihood of human exposure; persistence in the aquatic food
chain; tendency for biocaccumulation; and their toxicity to aquatic organisms
(Middleditch, Missler, and Hines 1981).

181. There are five major categories of priority pollutants and each
category requires different analytical procedures. These categories include
the inorganics (Table 14) and four organic groups classified as volatiles
(Table 15), base-neutral extractables (Table 16), acid extractables
(Table 17), and pesticides (Table 18). The inorganics are detected using AA
or ICAP emission techniques. The organics are detected using GC, GC/MS,
and/or high pressure liquid chromatography (HPLC) combined with various pre-
treatments such as pH adjustments, extraction, and purge and trap.

182. There are many references which address the analvsis and identi-
fication of priority pollutants. Some very informative and necessary refer-
ences include:

Middleditch, B. S., Missler, S. R., and Hines, H. B. 1981,
Mass Spectrometry of Priority Pollutants, Plenum Press, New York.
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US Environmental Protection Agency. 1977 (Apr). '"Sampling and Analysis

Procedures for Screening of Industrial Effluents for Priority
Pollutants,'" Effluent Guidelines Division, Washington, DC.

US Environmental Protection Agency. 1980 (Oct). "Interim Methods for
the Sampling and Analysis of Priority Pollutants in Sediments and Fish
Tissue,”" Environmental Monitoring and Support Laboratory, Cincinnati,
Ohio 45268.

US Environmental Protection Agency. 1982 (Jul). "Methods for Organic
Chemical Analysis of Municipal and Industrial Wastewater,' EPA-600/4-
82-057, Environmental Monitoring and Support Laboratory, Cincinnati,
Ohio 45268.

183. The question may be raised as to why the emphasis on priority
pollutants when some of the CE water quality laboratories do not have GC or
GC/MS capabilities? No matter where the analyses are completed (in-house or
contracted), CE chemists and technicians must be familiar with the analysis
procedures and methodologies so that the best data possible may be obtained.
With the current emphasis concerning organic pollutants, if the problem has
not already surfaced, it is only a matter of time before each Division and/or
District Offfice will be confronted with the problem of priority pollutant
analysis and all the various ramifications involved.

184, Since 1976 the so-called "129 priority pollutants" have become a
major focus for water quality laboratories. The complexity of analysis,
expense, sophisticated equipment, and analyst skill required are all factors
which would make priority pollutant analysis of great concern to all CE

Districts and Divisions. Due to the magnitude of the complexity of these

Table 14

Inorganic Priority Pollutants¥*

S N N T Y VT Vo O™ TwW e =gy
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Antimony Chromium Nickel
Arsenic Copper Selenium
Asbestos Cyanide Silver
Beryllium Lead Thallium
Cadmium Mercury Zinc

* This category includes salts of each of these substances (except asbestos
Ammonia has also been proposed as a member of this category. After
Middleditch, Missler, and Hines (1981).
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Table 15
Volatile Priority

A el Sl IR et A i

Pollutants*

Acrolein

Acrylonitrile

Benzene
Bis(chloromethyl)ether**
Bromodichloromethane
Bromoform

Bromome thane

Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethyl vinyl ether
Chloroform

Chloromethane
Dibromochloromethane
Dichlorodifluoromethane**

1,1-Dichloroethane

1,2-Dichloroethane
1,1-Dichloroethylene
trans-1,2~-Dichloroethylene
1,2-Dichloropropane
eig-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene

Methylene chloride
1,1,2,2-Tetrachloroethane
1,1,2,2-Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane**

Vinyl chloride

* After Middleditch, Missler, and Hines (1981).

** Has been deleted.
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Table 16

Base-Neutral Extractable Priority Pollutants¥*

Acenaphthene
Acenaphthylene

Anthracene

Benzidine
Benzo[a]anthracene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[ghilperylene
Benzo[a]pyrene
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)ether
Bis(2-ethylexyl)phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
2-Chloronaphthalene
4-Chlorophenyl phenyl ether
Chrysene
Dibenzo[a,h]anthracene
Di~n-butyl phthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

3,3'-Dichlorobenzidine

Diethyl phthalate
Dimethyl phthalate
2,4~Dinitrotoluene
2,6~Dinitrotoluene
Di-n-octyl phthalate
1,2~Diphenylhydrazine
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd]pyrene
Isophorone

Naphthalene

Nitrobenzene
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n~propylamine
Phenanthrene

Pyrene

2,3,7,8-Tetrachlorodibenzo-p-dioxin

1,2,4-Trichlorobenzene

* After Middleditch, Missler,

and Hines (1981).




Table 17
Acid Extractable Priority Pollutants#*

- p-Chloro-m-cresol 2-Nitrophenol

;> 2-Chlorophenol 4-Nitrophenol

< 2,4-Dichlorophenol Pentachlorophenol
2,4-Dimethylphenol Phenol

3 4,6-Dinitro-o-cresol 2,4,6-Trichlorophenol

- 2,4~Dinitrophenol

* "Total phenols" are also to be measured. After Middleditch, Missler, and
Hines (1981).

Table 18
Pesticide Priority Pollutants¥*

Aldrin Dieldrin PCB-1016%*
a=-BHC a-Endosulfan PCB-1221%%
8-BHC B-Endosulfan PCB-1232%%
y-BHC Endosulfan sulfate PCB-1242%%
§-BHC Endrin PCB=-1248%%
Chlordane*#* Endrin aldehyde PCB-1254%%
4,4'-DDD Heptachlor PCB-1260
4,4'-DDE Heptachlor epoxide Toxaphene**
4,4'-DDT

* After Middleditch, Missler, and Hines (1981).
** These substances are mixtures.
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analyses, a comprehensive discussion of priority pollutant analysis is beyond
the scope of this report and will follow at a later date. Another reason for
addressing priority pollutant analysis techniques at a later date is that not
all CE water quality laboratories are at approximately the same level of
expertise in this area and not all CE laboratories even have the capability to
perform priority pollutant analysis. Even though laboratory expertise or
capability does not exist in a particular District or Division, the require-
ment to perform priority pollutant analysis may very well still exist  If
this is the case, then contracting is the obvious answer. Therefore, it
behooves ail water quality personnel associated with contract management to
become very familiar with the priority pollutant analytical procedures even if
the personnel never actually perform the analyses. The most current and com-
plete reference for priority pollutant analysis has been previously mentioned
but is repeated here for emphasis:

US Environmental Protection Agency. 1982 (Jul). '"Methods for Organic
Chemical Analysis of Municipal and Industrial Wastewater," EPA-600/4~

82-057, Environmental Monitoring and Support Laboratory, Cincinnati,
Ohio.

This reference addresses only the organic parameters, which are the major por-
tion. Methods for the 13 metals, cyanide, and asbestus can be found in APHA
(1980), USEPA (1983), ASTM (1983a), and Office of Federal Register (1982).
185. Although p-iority pollutant analysis is relatively new, the future
points to the fact that this list will only be expanded. In conversations
with USEPA personnel of the Environmental Monitoring and Support Labora-
tory (EMSL) in Cincinnati, Ohio, they indicate that their work has already
expanded to the Hazardous Substances List (Federal Regulation, May 25, 1983)
which is a much more comprehensive list than the "126 priority pollutants."*
Keep in mind that both lists are proposed regulations, so nothing is legally
firm, which is another good reason to address the analysis of toxic organics

in a later and separate study.

* Personal Communication, 1984, W. L. Budde, USEPA-EMSL, Cincinnati, Ohio.
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PART VIII: SUMMARY AND RECOMMENDATIONS

Summary

186, Chemical analysis may only be a very small portion of the total
budget for CE Districts, Divisions, and research laboratories. However, the
effects of chemical analysis may pervade every area of CE operations (i.e.
planning, construction, and research). It is therefore necessary to ensure
that CE water quality personnel are aware of possible pitfalls which may occur
in the life of a sample from its inception to final data evaluation.

187. This technical report was oriented to the types of information
which could help CE water quality personnel with many of the chemical analysis
problems which may be avoided if proper steps are taken. Many sources of
potential information were given including government agencies and various
written publications. Suggestions were provided concerning USEPA~approved
analytical methodologies and recommended QA/QC procedures. Many interferences
and troublesome areas in analyses performed by CE laboratories were identified
with possible causes and cures. Information was also presented concerning
some of the capabilities of CE District, Division, and research laboratories

in areas relative to water quality analysis.

Recommendations

188. The necessity for good communication between CE District, Division,
and research laboratory water quality personnel cannot be overemphasized.
Therefore, with communication in mind, these recommendations are presented:

a. Guidance and specifications should be provided concerning con-
tracting for chemical analysis.

b. Specific guidance and procedures should be written concerning
sample handling and preparation techniques.

c. Guidance concerning organic analysis (especially concerning
the priority pollutants and hazardous substances lists) should
be provided.

d. More in-depth procedures concerning metals analyses should be .
provided. .

e. Every effort should be made to obtain approval and funding for
ongoing round robin QC checks among the various District, .
Division, and research laboratories.
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District Laboratories

DISTRICT: New Orleans District Water Quality Laboratory
LABORATORY DIRECTOR: Merrick Blancq, (504) 733-5002
WATER QUALITY SUPERVISOR: Burnell Thibedeaux, (504) 838-2445

Mail Address: US Army Engineer District, New Orleans
PO Box 60267
New Orleans, LA 70160

DISTRICT: St. Louis District Water Quality Laboratory
LABORATORY DIRECTOR: Thomas J. Furdek, FTS 273-4008
WATER QUALITY SUPERVISOR: Theodore S. Postol, FIS 273-5031

Mail Address: US Army Engineer District, St. Louis
210 Tucker Blvd. N.
St. Louis, MO 63101

DISTRICT: Kansas City District
LABORATORY DIRECTOR: COL Gurnie Gunter, (816) 374-3201

WATER QUALITY SUPERVISOR: Robert .. Pearce, FTS 758-3773 (office)
FTS 758-2339 (laboratory)

Mail Address: US Army Engineer District, Kansas City
700 Federal Bldg.
Kansas City, MO 64106

Division Laboratories

DIVISION: Missouri River
LABORATORY DIRECTOR: R. K. Schlenker, FTS 864-3207
WATER QUALITY SUPERVISOR: Chris Dickey, FTS 864-3211
Mail Address: US Army Engineer Division, Missouri River
PO Box 103, Downtown Station
Omaha, NE 86101

DIVISION: New England Division
LABORATORY DIRECTOR: Michael J. Carroll, FTS 839-7392
WATER QUALITY SUPERVISOR: Robert X. Brazeau, (617) 894-2400 Ext. 392

Mail Address: US Army Engineer Division, New England
424 Trapelo Road
Waltham, MA 02254
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DIVISION: North Pacific Division Materials Laboratory
LABORATORY DIRECTOR: James Paxton, (503) 665-4166
WATER QUALITY SUPERVISOR: Joan Van den Akker, FTS 423-5566

Mail Address: US Army Engineer Division, North Pacific
North Pacific Division Materials Laboratory
Rt. 2. Box 12A
Troutdale, OR 97060

DIVISION: Ohio River Division laboratory
LABORATORY DIRECTOR: David A. Lienhart, (513) 684-8694, FIS 684-8694
WATER QUALITY SUPERVISOR: Tayseer A. Gouda

Mail Address: Ohio River Division, Corps of Engineers
PO Box 27168, Madisonville Station
Cincinnati, OH 45227

DIVISION: South Atlantic Division (SAD Laboratory)
LABORATORY DIRECTOR: Robert J. Stephenson, (404) 429-5296
WATER QUALITY SUPERVISOR: James F. Nowland, (404) 429-5270

Mail Address: South Atlantic Division Laboratory
Corps of Engineers
611 South Cobb Drive (Ga. Hwy 280)
Marietta, GA 30061

DIVISION: South Pacific Division Laboratory
LABORATORY DIRECTOR: Thomas Chamberland, FTS 556-~1245
WATER QUALITY SUPERVISOR: Ray V. Neuman, FTS 556-1245

Mail Address: South Pacific Division
PO Box 37
Sausalito, CA 94966

DIVISION: Southwestern Division Laboratory
LABORATORY DIRECTOR: Arthur H, Feese, (214) 767-2411
WATER QUALITY SUPERVISOR: Jeffrey Tye, (214) 767-2411

Mail Address: SWD Laboratory
4815 Cass Street
Dallas, TX 75235

A3

——

ey




Research Laboratories

RESEARCH FACILITY: U.S. Army Construction Engineering Research
Laboratory (CERL)

LABORATORY DIRECTOR: COL Louis J. Circeo

WATER QUALITY SUPERVISOR: Walt Mikucki/Dr. Ed Smith, FTS 958-7232
Dr. Ray Vogel, (217) 352-6511,
ext 4303 (217) 333-7327

Mail Address: Construction Engineering Research Laboratory
Corps of Engineers
PO Box 4005
Champaign, IL 61820

FACILITY: Cold Regions Research and Engineering Laboratory (CRREL)
LABORATORY DIRECTOR: COL Wayne Hansen

WATER QUALITY SUPERVISOR: Thomas F. Jenkins, FTS 836-4385
Dan Legett, FTS 836-4393

Mail Address: Cold Regions Research and Engineering Laboratory
Corps of Engineers
Hanover, NH 03755

FACILITY: U.S. Army Engineer Waterways Experiment Station (WES)
LABORATORY DIRECTOR: COL Robert C. Lee
WATER QUALITY SUPERVISOR: Ann B. Strong, FTS 542-2726

Mail Address: US Army Engineer Waterways Experiment Station
PO Box 631
Vicksburg, MS 39180

A4




ARG AT e St i M B
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REGION I

Wayne Wirtanen

Central Regional Laboratory
Environmental Services Division
60 Westview Street

Lexington, MA 02173

FTS: 617-861-6700 Ext 205
COML: 617-861-6700 Ext 205

REGION II

Gerald F. McKenna

Research and Quality Assurance
Branch

Environmental Services Division

Edison, NJ 08837

FTS: 340-6645

COML: (201) 321-6645

REGION III

Charles Jones, Jr.

(35A60)

Water Quality Monitoring Branch
Environmental Services Division
6th & Walnut Streets, Curtis Bldg.
Philadelphia, PA 19106

FTS: 597-9162

COML: (215) 597-9162

REGION 1V

Wade Knight

Laboratory Services Branch
Environmental Services Division
College Station Road

Athens, GA 30613

FIS: 250-3165

COML: (404) 546-3165

REGION V

David Payne

Quality Assurance Office
Environmental Services Division
536 South Clark Street

Chicago, IL 60605

FIS: 353-7712

COML: (312) 353-7712
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REGION VI

Robert Forrest

Environmental Services Division
1201 Elm St., First Int'l Bldg.
Dallas, TX 75270

FTIS: 729-0728

COML: (214) 767-0728

REGION VII

Charles P. Hensley

Laboratory Branch

Environmental Services Division
25 Funston Road

Kansas City, KS 66115

FTS: 758-4285

COML: (816) 374-4285

REGION VIII

Juanita Hillman

Environmental Services Division
Lincoln Tower Bldg., Suite 900
1860 Lincoln Street

Denver, CO 80295

FTS: 327-4935

COML: (303) 837-4935

REGION IX

Ho Lee Young

Office of Quality Assurance and
Monitoring Systems

215 Fremont Street

San Francisco, CA 94105

FTIS: 454-8002

COML: (415) 556-8002

REGION X

Barry Townes

Environmental Services Division
1200 Sixth Avenue

Seattle, WA 98101

FTS: 399-1675

COML: (206) 442-1675
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APPENDIX C: US ENVIRONMENTAL PROTECTION AGENCY TECHNICAL INFORMATION
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OEPER - Office of
Environmental Processes
and Effects Research

OEET - Office of
Environmental Engineer-
ing and Technology

OMSQA - Office of
Monitoring Systems and
Quality Assurance

OHR - Office of Health
Research

OHEA - Office of Health
and Environmental
Assessment

OER - Office of
Exploratory Research

Greg Grinder
USEPA, OEPER
RD-682

401 M St. S.W.
Washington, DC

Dave Graham
USEPA, OEET
RD-681

401 M St., S.W.
Washington, DC

Wanda Douglas
USEPA, OMSQA
RD-680

401 M St. S.W,
Washington, DC

Cliff Moore
USEPA, OHR
RD-683

401 M St. S.W.
Washington, DC

Marie Pfaff
USEPA, OHEA
RD-689

401 M St. S.W.
Washington, DC

Don Cook
USEPA, OER
RD-675

401 M St. S.W.
Washington, DC

20460

20460

20460

20460

20460

20460

CI T Shan B A Mhaa )

FTS:

COML:

FTS:

COML:

FTS:

COML:

FTS:

COML:

FTS:

COML:

FTS:

COML:

382~-5981
(202) 382-5981

382-2600
(202) 382-2600

382-5781
(202) 382-5781

382-5891
(202) 382-5891

382-7309
(202) 382-7309

382-5736
(202) 382-5736
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ERL-Athens
Environmental Research
Laboratory~Athens

ESRL-RTP

Environmental Sciences
Research Laboratory-
Research Triangle Park

RSKERL-Ada

Robert S. Kerr
Environmental Research
Laboratory-Ada

ERL-Duluth
Environmental Research
Laboratory-Duluth

ERL-Corvallis
Environmental Research
Laboratory-Corvallis

ERL-Narg.
Environmental Research
Laboratory-Narragansett

ERL-Gulf Breeze
Environmental Research
Laboratory-Gulf Breeze

IERL-RTP

Industrial Environmental
Research Laboratory-
Research Triangle Park

IFRL-Ci

Industrial Environmental
Research Laboratory-
Cincinnati

MERL-Ci

Municipal Environmental
Research Laboratory-
Cincinnati

OEPER

Bob Ryans

USEPA, ERL

College Station Rd.
Athens, GA 30613

Jim Upham
USEPA, ESRL
MD-59

Research Triangle Park, NC 27711

Marvin Wood
USEPA, ERL
P.0. Box 1198
Ada, OK 74820

Carol Ann Curtis
USEPA, ERL

6201 Congdon Blvd.
Duluth, MN 55804

Karen Randolph
USEPA, ERL

200 S.W. 35th St.
Corvallis, OR 97333

Stan Hegre
USEPA, ERL
Narragansett, RI 02882

Betty Jackson

USEPA, ERL

Sabine Island

Gulf Breeze, FL 32561

OEET
Bill Whelan

USEPA, IERL
MD-64

Research Triangle Park, NC 27711

Thelma Johnson
USEPA, IERL
Cincinnati, OH 45268

Marion Curry
USEPA, MERL
Cincinnati, OH 45268

Cc3

FTS:
COML:

FTS:
COML:

FTS:
COML:

FTS:
COML:

FTS:
COML:

FTS:

COML:

FTS:
COML:

FTS:
COML:

FTS:
COML:

FTS:
COML:

250-3306
(404) 546-3306

629-2891
(919) 541-2891

743-2226
(405) 332-2226

783-9718
(218) 727-9718

420-4637
(503) 757-4637

838-5087
Ext. 240
(401) 789-1091
Ext. 240

686-9011
(904) 932-9011

629-2216
(919) 541-2216

684-7212
(513) 684-7212

684-7748
(513) 684~7748
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EMSL-Ci

Environmental Monitoring
and Support Laboratory-
Cincinnati

EMSL-RTP

Environmental Monitoring
and Support Laboratory-
Research Triangle Park

EMSL-LV

Environmental Monitoring
and Support Laboratory-
Las Vegas

HERL-Ci
Health Effects Research
Laboratory-Cincinnati

HERL-RTP

Health Effects Research
Laboratory-Research
Triangle Park

ECAO-RTP

Environmental Criteria
and Assessment Office-
Research Triangle Park

ECAO-Ci

Environmertal Criteria
and Assessment Office-
Cincinnati

OMSQA

Margaret Owens
USEPA, EMSL
Cincinnati, OH 45268

Seymour Hochheiser

USEPA, EMSL

MD-75

Research Triangle Park, NC

Faye Cromar

USEPA, EMSL

P.0. Box 15027

Las Vegas, NV 89114

OHR

Sandy Underwood
USEPA, HERL
Cincinnati, OH 45268

Ferris Benson

USEPA, HERL

MD-70

Research Triangle Park, NC

OHEA

Vandy Bradow

USEPA, ECAO

MD-52

Research Triangle Park, NC

Dave Reisman
'SEPA, ECAO
Cincinnati, OH 45268

FTS:
COML:

FTS:
COML:

27711

FTS:
COML:

FTS:
COML:

FTS:

COML:

27711

FTS:
COML:

27711

FTS:
COML:

————
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684-7301
(513) 684-7301

629-2106
(919) 541-2106

545-2525
(702) 798-2525
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HEADQUARTERS

U.S. Geological Survey
(Majl Stop Number) National Center
12201 Sunrise Valley Drive
Reston, VA 22092
Telephone (703) 860-extension
FTS 928-extension

Telephone
Position Official Extension

Chief Hydrologist. . . . . Philip Cohen 6921

Associate Chief Hydrologist. . Russell H. Langford 6921
Program Officer. . . . . . . . Francis B. Sessums 6992
Offi-e of International

llydrology, Chief . . . . . . Della Laura 6547
Office of Water Data

Coordination, Chief. . . . . Porter E. Ward 6931
National Water-Resources

Conditions Program, Chief,. David W. Moody 6925

Assistant Chief Hydrologist for

Operations . . . . . . Thomas J. Buchanan 6801
Deputy Assistant Chief for

Operations . . . . . . . . Bruce K. Gilbert 6801
Finance and Fiscal Analysis

Section, Chief ., . . . . . . Clara L., Chambliss 6813
Operation Section, Chief . . Alberto Condes 6861
Manpower Section, Chief. . . Jerry C. Stephens 6944
Planning Section, Chief. . . George E. Williams 6941
Instrumentation Group, Chief . Richard W. Paulson 6014

Assistant Chief Hydrologist for

Research and Technical

Coordination . . . . . Gordon D. Bennett 6971
Deputy Assistant Chlef

Hydrologist for Research

Technical Coordination . . Roger G, Wolff 6971
Ground Water Branch, Chief . . Eugene P. Patten, Jr. 6904
Quality of Water Branch,

Chief. . . . . . . . .« . R. J. Pickering 6834
Surface Water Branch, Chief . Marshall E. Moss 6837
Office of Hazardous Waste

Hydrology, Chief . . . . . . John B. Robertson 6976
Coal and 0il-Shale Hydrology,

Coordinator. . . . . . Solomon M. Lang 6846
Systems Analysis Group, Chief . Robert M, Hirsh 6927

Assistant Chief Hydrologist for

Scientific Publications and

Data Management., . . . . . . William B, Mann 1V, 6878
Deputy Assistant Chief Acting

Hydrologist for Scientific

Publications and Data

Management ., . . . . . . . « « John E. Moore




Telephone Mail

Position Official Extension Stop
Office of Scientific Information,
Chief. . . . «. - ¢« v ¢« « v + +« . John E. Moore 6878 440
National Water-Use Information
Program, Manager . . . . ., . . , William B. Mann IV 6878 440
Scientific Publications Program,
Chief. . . . . . .. .. .+« . Eugene R. Hampton 6881 439
Office of Computer Technology,
Chief. . . . . ¢ ¢« v ¢ ¢« . ¢« .+ « J. Ronald Jones €877 440
National Water-Data Storage and
Retrieval System, Chief. . ., . . Charles R. Showen 6871 437
Branch of Water Information
Transfer, Manager. . . . . . . . Gary D. Cobb 6031 421
National Water Data Exchange,
Manager. . . + + ¢« + ¢« « +» +« +» . Melvin D. Edwards 6031 421
Water Resources Scientific
Information Center, Manager. . . Raymond A. Jensen 7455 423
Environmental Affairs Program,
Chief (Actimg) . . . . . . . . . Richard A. Watkins 7455 423
Information Transfer Program,
Manager. . . . . . « « . . . . . Kenneth H. Suter 6867 421
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REGIONAL HYDROLOGISTS

Northeastern Region

Connecticut, Delaware, Illinois, Indiana, Maine, Maryland, Massachusetts,
Michigan, Minnesota, New Hampshire, New Jersey, New York, Ohio, Pennsylvania,
Rhode Island, Vermont, Virginia, Washington, D.C., West Virginia, Wisconsin

Office of the Regional Hydrologist

Address:
Regional Hydrologist
U.S. Geological Survey
National Center, Mail Stop 433
12201 Sunrise Valley Drive
Reston, VA 22092
Telephone: (703) 860-6985; FTS 928-6985
Office hours: 7:45 a.m. to 4:15 p.m. Eastern Time

Southeastern Region

Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi,
North Carolina, Puerto Rico, South Carolina, Tennessee, Virgin Islands

0ffice of the Regional Hydrologist

Address:
Regional Hydrologist
U.S. Geological Survey
Richard B. Russell Federal Bldg.
75 Spring Street, SW, Rm. 772
Atlanta, GA 30303
Telephone: (404) 221-5174; FTS 242-5174
Office hours: 7:30 a.m. to 4:15 p.m. Eastern Time

Central Region

Colorado, Iowa, Kansas, Missouri, Montana, Nebraska, New Mexico, North Dakota,
Oklahoma, South Dakota, Texas, Utah, Wyoming

Office of the Regional Hydrologist

Mailing address:
Regional Hydrologist
U.S. Geological Survey
Mail Stop 406, Box 25046
Denver Federal Center

Lakewood, CO 80225
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Office address:

Denver Federal Center, Bldg. 25
Lakewood, CO 80225

Telephone: (303) 234-3661; FTS 234-3661
Office hours: 8:00 a.m. to 4:30 p.m. Mountain Time

Western Region

Alaska, Arizona, California, Guam, Hawaii, Idaho, Nevada, Oregon, Washington

Office of the Regional Hydrologist

Address:

Regional Hydrologist

U.S. Geological Survey

345 Middlefield Road, Mail Stop 66

Menlo Park, CA 94025
Telephone: (415) 323-8111, ext. 2337; FTS 467-2337
Office hours: 7:45 a.m. to 4:15 p.m, Pacific Time

REGIONAL RESEARCH HYDROLOGISTS

Office of the Assistant Chief Hydrologist for
Research and Technical Coordination

Deputy Assistant Chjef Hydrologist for
Research and Technical Coordination

Address:

U.S. Geological Survey
413 National Center

220! Sunrise Valley Drive
Reston, VA 22092

Telephone: (703) 860-6971; FTS 928-6971
Office hours: 7:45 a.m. to 4:15 p.m, Eastern Time

Offices of the Regional Research Hydrologists
Northeastern Region

Address:

Regional Research Hydrologist, NR
U.S. Geological Survey
432 National Center
12201 Sunrise Valley Drive
Reston, VA 22092
Telephone: (703) 860-6958; FTS 928-6958

Office hours: 7:45 a.m. to 4:15 p.m. Eastern Time
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Southeastern Region

Address:
Regional Research Hydrologist, SR
U.S. Geological Survey
Gulf Coast Hydroscience Center
Building 1100, Room 312
) NSTL Station, MS 39529
- Telephone: (601) 688-3130; FTS 494-1512
" Office hours: 8:00 a.m. to 4:30 p.m. Central Time

Central Region

Address:
Regional Research Hydrologist, CR
U.S. Geological Survey
Mail Stop 412, Box 25046
N Denver Federal Center, Bldg. 25
- Lakewood, CO 80225
N Telephone: (303) 234-4175; FTS 234-4175
Office hours: 8:00 a.m. to 4:30 p.m, Mountain Time

Western Region

Address:

Regional Research Hydrologist, WR

U.8. Geological Survey
.. Mail Stop 66
N 345 Middlefield Road
.. Menlo Park, CA 94025
Telephone: (415) 323-8111, ext, 2339; FTS 467-2339
Office hours: 7:45 a.m. to 4:15 p.m. Pacific Time
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WATER QUALITY LABORATORY OPERATIONS
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i American Public Health Association. 1980. Standard Methods for the Examina-
) tion of Water and Wastewater, 15th ed., 1105 18th St., NW, Washington, D. C.
b 20036.

. "Selected Analytical Methods Approved and Cited by the United
States Environmental Protection Agency,"” Standard Methods for the Examina-
tion of Water and Wastewater, Supplement to 15th ed., 1105 18th St., NW,
Washington, D. C. 20036.

American Society for Testing and Materials. 1983a (May). ASTM Annual Book of
Standards, 'Water and Environmental Technology - Secticn 11 -~ Vol 11.02,
Philadelphia, Pa.

. 1983b (May). ASTM Annual Book of Standards, "General Methods and
Instrumentation - Section 14, Vol 14,01 and 14.02," Philadelphia, Pa.

Association of Official Analytical Chemists. 1982 (Aug). '"Manual of Chemical
Methods for Pesticides and Devices - USEPA," P. 0. Box 540, Benjamin Franklin
Station, Washington, D. C. 20044.

Office of Federal Register. 1982 (Jul). '"Code of Federal Regulations -
Parts 190 to 399 ~ Title 40," US Government Printing Office, Washington, D. C.

Skougstad, M. W, 1979, '"Methods for Determination of Inorganic Substances in
Water and Fluvial Sediments," Techniques of Water Resources Investigation of
the U, S. Geological Survey Vol. 20 UN 3t WR, Book 5, Chpt A-1l, US Geological
Survey.

US Army Engineer Waterways Experiment Station. 1981 (May). "Procedures for
Handling and Chemical Analysis of Sediment and Water Samples," USEPA/CE-81-1,
P. 0. Box 631, Vicksburg, Miss. 39180.

US Environmental Protection Agency. 1979 (Mar). "Chemistry Laboratory Manual
for Bottom Sediments and Elutriate Testing," EPA 905/4-79-014, NTIS
No. PB-294-596.

. 1979, "Handbook for Analytical Quality Control in Water and
Wastewater Laboratories," EPA~-600/4-79-019, Environmental Monitoring and Sup-
port Laboratory, Cincinnati, Ohio 45268,

. 1980 (Jun). "Manual of Analytical Methods for the Analysis of
Pesticides in Humans and Environmental Samples,”" EPA-600/8-80-038, Health
Ef fects Research Laboratory, Research Triangle Park, N. C. 27711.

1981 (Apr). '"Manual of Analytical Quality Control for Pesticides
and Related Compounds in Human and Environmental Samples - Second Revision,"”
FPA 600/2-81-059, NTIS No. PB81-222721, Office of Research and Development,
Health Effects Research Laboratory, Research Triangle Park, N. C. 27711,

E2 -

I B e, . e e . - e e B T U
e O ~ SN T . P R R s R . P I R P .
PO S - et . DRI L I RS P A e A P SN L e, N T AN e e IR . R
PRLAPEL IR . ) e ttdntdand v o PRy ' e T - S o M e et . .t E N .
2 a a .llidlli ‘ii ‘I‘ PPV LI IS T N R S S Ll PGP T R




e L T T ——, LM el Nl il il S dl ek T g Bne

US Environmental Protection Agency. 1982, "Handbook for Sampling and Sample
Preservation of Water and Wastewater," EPA-600/4-82-029, NTIS No. PB83-124503,
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio 45268.

. 1982 (Jul). "Methods for Organic Analysis of Municipal and
Industrial Wastewater,'" EPA~600/4-82~057, Environmental Monitoring and Support
Laboratory, Cincinnati, Ohio 45268.

. 1982 (Jul). "Test Methods for Evaluation of Solid Wastes,"
-846, Office of Solid and Emergency Response, Washington, D. C. 20460.

1983 (Mar). '"Methods for Chemical Analysis of Water and Wastes,"
EPA 600/4-79-020, Environmental Monitoring and Support Laboratory, Cincinnati,
Ohio 45268,

US Geological Survey. 1977. "National Handbook of Recommended Methods for
Water-Data Acquisition," MS-417, National Center, Reston, Va.

Specialty References

Analytical methodologies

American Society for Testing and Materials. 1982, Methods for Emission
Spectrochemical Analysis, 7th ed., Philadelphia, Pa. 19103,

Black, C. A., et al., eds. 1965. "Methods of Soil Analysis," Parts 1l and 2,
Monograph No. 9, American Society of Agronomy, Madison, Wis.

Bock, R. 1979, A Handbook of Decomposition Methods in Analytical Chemistry,
International Textbook Co., Bishopbriggs, Glasgow G64 2NZ.

Boltz, D. F., and Howell, J. A. 1978. Colorimetric Determination of
Nonmetals, Vol 8, John Wiley and Sons, New York.

DiSalvo, L. H., et al. 1972 (Nov). "Assessment and Significance of Sediment-
Associated 0il and Grease in Aquatic Environments," Technical Report D-77-26,
US Army Engineer Waterways Experiment Station, Vicksburg, Miss., pp 74-79.

Food and Drug Administration. 1977 (Aug). FDA Pesticide Analytical Manual,
"Methods Which Detect Multiple Residues," Vol 1, NTIS UB/C/118, Washington,
D. C.

. 1977 (Aug). "Methods for Individual Pesticides Residues,"
Vol II, Parts 1-3, NTIS UB/C/119, Washington, D. C.

Hack Chemical Co. 1978. Wastewater Analysis Handbook, Loveland, Colo.
80537,

Horwitz, W., ed. 1980, Official Methods of Analysis of the Association of
Official Analytical Chemists, 13th ed., Association of Official Analytical
Chemists, P. 0. Box 540, Benjamin Franklin Station, Washington, D, C. 20044.
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Minczewski, J., Chrvastowska, J., and Dybczynski, R. 1982. Separation and
Preconcentration Methods in Inorganic Trace Analysis, Halsted Press - John
Wiley and Sons, New York.

US Army Engineer Waterways Experiment Station. 1976 (May). "Ecological
Evaluation of Proposed Discharge of Dredged or Fill Material Into Navigable
Waters: Interim Guidance for Implementation of Section 404(b) (1) of Public
Law 92-500 (Federal Water Pollution Control Act Amendments of 1972)," Miscel-~
laneous Paper D-76-17, Appendix D, Vicksburg, Miss. 39180.

US Department of Health, Education, and Welfare. 1977 (Apr). NIOSH Manual of
Analytical Methods, 2nd ed., Parts I and 1I, NIOSH Monitoring Methods,
Vol 1-3, CDC, NIOSH, Cincinnati, Ohio.

US Environmental Protection Agency. 1983 (Jan). 'Methods for Nonconventional
Pesticides Chemical Analysis of Industrial and Municipal Wastewater,"

EPA 440/1-83/079-C, WH-552, Effluent Guidelines Division, Washingtom, D. C.
20460.

Winefordnmer, J. D. 1976. Trace Analysis: Spectroscopic Methods for
Elements, Vol, 46, John Wiley and Sons, New York.

Zief, M., and Mitchell, J. W. 1976. Contamination Control in Trace Element
Analysis, Vol 47, John Wiley and Sons, New York.

Sample collection and handling

Gibb, J. P., Schuller, R. M., and Griffin, R. A. 1981. "Procedures for the
Collection of Representative Water Quality from Monitoring Wells," Groundwater
Report No. 7, Illinois State Geological Survey, Champaign, Il1l. 61820.

National Bureau of Standards. 1982 (Jan). "A Survey of the Recent Literature
on Sampling for Chemical Analysis,'" NBS TN 1153, NTIS No. PB82 166265,
Washington, D. C. 20234,

US Environmental Protection Agency. "Procedures Manual for Ground Water Moni-
toring at Solid Waste Disposal Facilities." EPA-530/SW-611, Office of Solid
Waste, Washington, D. C. 20460,

1976 (Sep). '"Handbook for Sampling and Sample Preservation of
Water and Wastewater,"” EPA~600/4-76-049, NTIS No. PB-259946, Environmental
Monitoring and Support Laboratory, Cincinnati, Ohio 45268,

. 1981 (Sep). '"Manual of Ground-Water Quality Sampling Proce-
dures," EPA-600/2-81-160, NTIS No. PB82-103045, R. S. Kerr Environmental
Research Laboratory, Ada, Okla. 74820,

. 1981 (Nov). "Sampling Frequency for Water Quality Monitoring,"
ISWS-81-CON-279, NTIS No. PB82-14534, Illinois State Water Survey, Environ-
mental Monitoring Systems Laboratory, Las Vegas, Nev. 89114,
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US Environmental Protection Agency. 1984 (Jan). "A Guide to the Selection of
Materials for Monitoring Well Construction and Ground-Water Sampling,
EPA-600/2-84-024, NTIS No. PB84-141779, R. S. Kerr Environmental Research
Laboratory, Ada, Okla. 74820.

Laboratory quality
assurance/quality control

Garfield, F. M., Palmer, N., and Schwartzman, G. 1980. "Optimizing Chemical
Laboratory Performance Through the Application of Quality Assurance Prin-
ciples," Proceedings of a Symposium of the Association of Official Analytical
Chemists, 94th Annual Meeting.

Kateman, G., and Pijpers, F. W. 1976. Quality Control in Analytical
Chemistry, Vol 60, John Wiley and Sons, New York.

Ku, H. H. 1969 (Feb). "Precision Measurement and Calibration," Vol 1, NBS
Pub. 300, National Bureau of Standards, Gaithersburg, Md.

LaFleur, P. D., ed. 1976 (Aug). Accuracy in Trace Analysis: Sampling,
Sample Handling, Analysis - Volumes I and II, NBS Pub. 442, National Bureau of
Standards, Gaithersburg, Md.

National Bureau of Standards. 1984 (Feb). "NBS Standard Reference Materials
Catalog,"” NBS Pub. 260, Gaithersburg, Md.

Natrella, M. G. 1966 (Oct). '"Experimental Statistics," NBS Handbook 91,
National Bureau of Standards, Gaithersburg, Md.

US Environmental Protection Agency. 1978 (Mar). "Procedure for the Evalua-
tion of Environmental Monitoring Laboratories," EPA-600/4-78-017, Environ-
mental Monitoring and Support Laboratory, Cincinnati, Ohio 45268.

. 1978 (Aug). '"Quality Assurance Guidelines for Biological Test-
ing," EPA-600/4-68-043, NTIS No. PB-285 369, Environmental Monitoring and Sup-
port Laboratory, Las Vegas, Nev. 89114,

. 1979 (Mar). "Handbook for Analytical Quality Control in Water
Wastewater Laboratories," EPA-600-4-69-019, Environmental Monitoring and Sup-
port Laboratory, Cincinnati, Ohio 45268.

1979 (Dec). ''Quality Assurance Guidelines for IERL-C; Project
Officers,” EPA-600/9-69-046, Industrial Environmental Research Laboratory,
Cincinnati, Ohio 45268.

1982 (Oct). '"Manual for the Certification of Laboratories
Analyzing Drinking Water," EPA-570/9-82-002, Office of Drinking Water
(WH-550), Washington, D, C. 20460.

Youden, W. J. 1984. "Experimentation and Measurement," NBS Pub. 672,
National Bureau of Standards, Gaithersburg, Md.
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Youden, W. J., and Steiner, E. H. 1982, Statistical Manual of the AOAC,
Association of Official Analytical Chemists, Arlington, Va. 22209.

Laboratory safety

A. M. Best Co. Best's Ervironmental and Safety Directory, Park Avenue,
Morristown, N. J. 07960.

American Chemical Society. 1983 (Mar). RCRA and Laboratories, Information
Pamphlet by Department of Public Affairs, Washington, D. C. 20036.

Green, M. E., and Turk, A. 1978. Safety in Working with Chemicals,
Macmillian Publishing Co., Inc., New York.

lLefevre, M. J., and Becker, E. I. 1980. First Aid Manual for Chemical
Accidents, Dowden, Hutchinson, and Ross, Inc., Stroudsburg, Pa.

Meyer, E. Chemistry of Hazardous Materials, Prentice Hall, Englewood Cliffs,
N. J.

Muir, G. D, 1977. Hazards in the Chemical Laboratory, The Chemical Society,
Burlington House, London.

National Academy Press. 1981. Prudent Practices for Handling Hazardous
Chemicals in Laboratories, Washington, D. C.

. 1983, Prudent Practices for Disposal of Chemicals from
Laboratories, Washington, D. C.

Van Nostrand Reinhold Co. 1972, Guide for Safety in the Chemical Laboratory,
2nd ed., New York.

Training

Clark, D. W. "Basic Laboratory Skills for Water and Wastewater Analysis,"
Report No. 125, New Mexico Water Resources Research Institute, Albuquerque, N,
Mex.

Gordon, A. J., and Ford, R. A, 1972. The Chemist's Companion, John Wiley and
Sons, New York. )

Shugar, G. J., et al. 1981. Chemical Techniques Ready Reference Handbook,
2nd ed., McGraw-Hill, New York.

US Environmental Protection Agency. 1979 (May). "Introduction to Instru-
mental Analysis of Water Pollutants," EPA-430/1-79-004, NTIS No. PB-297450,
National Training and Operational Technology Center, Cincinnati, Ohio 45268.

. 1980 (Nov). "Organic Analyses in Water Quality Control
Programs - Training Manual,'" EPA~530/1-80-011, NTIS No. PB81-124414, National
Training and Operational Technolozv Center, Cincinnati, Ohio 45268,
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US Environmental Protection Agency. 1981 (Jul). '"Inorganic Analyses in Water
Quality Control Programs: Training Manual," EPA-430/1-81-015, NTIS

No. PB82-108564, National Training and Operational Technology Center,
Cincinnati, Ohio 45268.
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APPENDIX F:

APPROVED TEST PROCEDURES AND PROPOSED CHANGES TO THE
"GUIDELINES ESTABLISHING TEST PROCEDURES FOR THE
ANALYSIS OF POLLUTANTS UNDER THE CLEAN WATER ACT"
(From: Federal Register, Vol 49, No. 209, Friday,
October 26, 1984).
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TasLE Fl.—LIST OF APPROVED BIOLOGICAL TEST PROCEDURES

Reference (Method Number or Page)

Parameter and units WMethod ! EPA® Standard
u.m%a' 15th - ASTM USGS
d.

Bactena. .
1 CoMorm (fecal) nusmiber per 100 M ........ooormroceicnnccnene

£.132 .1 980C ... oo oo} e,
{p 124 ... 908C 8-0050-77
2. Cotorm (tecal) n presence of Chionne number per 100 mi....., MPN. 5 asbe. 3 dwubon | p132...)908C ...
3. CoMorm (toud. number per 100 M ........coermcrincareneraes ) MPN, 5 tube, 3 diuBon; or, MF ¢ sIngle slep OF two Step................. p. 114 .| 908A
! ip. 108 ....| S0BA 8-0025-77
4 Coiorm (totah) i presence of chionns, number Dar 100 mi....i MPN, 5 Wube. Glubon; Or MF ¢ with p. 14,
p. 1M 908 (A +A.5¢)
5. Fecel sweptacoce), number par 100 Ml .........c..cvrceccvcneercc..{ MPNL 5 DS, 3 SO0, MF $: OF, DIBIS COUM ............oecrranrarscinnrarirnny 1. 139 910A
. p. 136....| 9108 B00SS-77.0
P 143. 910C .

! The methoc must be speched when results &/s renortied.
. tor g the E

a E Waler arx) Wates, 1978, EPA-800/8-78-017, U.S. Envwonmenial Protection Agency.
2 Grosson. PE . of &f. tor C. end Analyss of Aquatc Biclogical and M “U.S. Survey, T of wWaterR. 0
800k 5. Chapler A¢. Laborslory Analyss, 1977
* 0 45 um memiane hiwr or Other POTe e CorBfiad by Te manuiacturer 10 fully retan orger to be d, and free of winch could mnterfers with thes growth snd

* Approved only ¢ dissoluton of the KF Sreptococcus Age (Secton 5.9, USGS Method 8-0055-77) u made in & Dokng water bath (o avod soorching of the medum.
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TABLE F2.—LiST OF APPROVED INORGANIC TEST PROCEDURES

Reterence {method No. or pege)
EPA 1079 Standerd methods 15th ASTM usGS * Other
1. Acdity, ss CaCOx, mg/L: Electrometnc end pomt | 305.1 402(4.9) D1067-7¢E)
or phanolphthalemn end pomt.
2. Akginuty, a3 CaCO,. mg/L Electromstne or color-
~. menc:
(N Tarstion 10 pH 4.5, manusl 3101 L < 01067(8) 1030-78
N or 3102
"\ 3. Asmsrnum—Total * mg/L: Digestion ® followed by:
- AA direct 2021 303C HI051-78 ...
AA fumace. 202.2. 304
Inductively coupied pissme | Method 200 7 ¢
O (En cyarne R) 3068 |
4. Ammonss (a8 N), mg/L Manued chstilation * (at
pH 9.5)
3502 417A
350.2 4178 D1428-79(A).......ocrvveren ] -3520-78 .............
Titration 3502 417D
Elecode 3503 01426-7%° ) -
or 350.1 M7F DI428-THC . o | 4523270
L)
S, Anomony—Total *, mg/L: Dgeston * followed by:
AA dwect 2041 303A.........
AA turnecs. or 204.2 304
Method 200 7 ¢
6. Arsernc—Tolal *, mg/L ,
Drgy * fol by 208.5 o et -
Hyande . 206.3 J03E 02072-78(8) ... ............. .{ 1-3082-78
Inductively coupied plasma Method 200.7 ¢
or. (SDOC) 208.4 £ S D2972-78(A). ..
7. Barum--Tolal *, mg/L Drigestion ! followed LY
AA dwect 208.1 03C
AA lumace, or 2082 304
Inductrvely coupied plasma Method 200 7¢
6. Berylum—Total *. mg/i. Drhgeston * followed by
AA dwect 210.1 303C .4 00845-78 . ... | +309-T8 . i
AA fumace. 2102 304 I
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TaBLE F2.—LIST OF APPROVED INORGANIC TEST PROCEDURES—Continued

Refersrce (method No or page)

Py 1 3 i . '
s ameter unin. and methed ! €Pa 1979 | Standard mathods 15t ASTM ‘ USGS * Orher
! ! |
1
Inductvely coupled Dlasme ! , | Method 200.7 ¢
Or calprmenx (ghamunon) ! .1 3098 ) :
# Bochemcal oxygen demend {800y, mg/L . | i . ‘
Wirk'or (A2ite moGhcaton) , 4351 . 807 . L L 1-1578-7T8 .. e P 170
Or @'actrode methcd . ' [ L. . P 5481
10 Boron—Total, mg/L . | i | |
Colinmane (Curcumng o . L2123 404A 1-3112-78 . ¢
InguC Lvely Coupled piasme R . ' . D | Metnoa 2007 ¢
11 Bomone mg/L Tinmeinc 13201 i  D1246-77(C) ... ,1-1125-78 P Sa4 i
12 Canmwum—T a1 mg'L Cigeston?® foliowed | | :
b’u Gusct aspaation .32 | 3034 or 3038 . ' 03557-78 (A or B) 11-3135-78 or 1-3136-78 ; Py 5574
AA hymace 232 i 304 .. . e . . - . P are
Incucively coupled plasma . Method 200 7 ¢
\ voharatry® or ' + D2557-78C) ,
Ceronmetne (Oiihizona) . 13108 o e U .
g 13 Caxum—Total3 mg/L [hgastion? followed by | | |
- Aomc absomphon K21 1 R L3CSA e DBNTHOY ,13152-78 ‘
3 Inouctrvety Coupled plasma . - ' N . . . e e . . Mathod 2007 ¢
. Or £DTA otravon 052 . 3nc PN L 0511-71d) | l
14 Carbonacecus Biochemcal oxygen demand | 5075 e 6) . ! b
(CBUDY). mg L Winkiar (Azvi@ MmOO'hCabon) of ! , : '
SlaCy e MEMOd With AtrrhcANON Do : \ i | t
: 'S Chemw.al oxygen demand (CCO). mq/L ! ! :
TianmeIne CoNMeNC ant Sr8A 1752-78 , -3560-78 L P S50" ara
Marua of 4102 i ; R 11-3562-73 1P 17% and
4103 ) 1-3551-73 i°)
9 Automatad 404 ; .
Specirophotometnc . | ' n L)
16 Chiarde gL : 1 !
Tunmetnc (siver niratel of , 407A L. D312-5048) 1 1-1183-78 {
Mercunc nivate 3253 4078 [oL 3 247V I 1-1184-78 F 55419
Lionmatne {lemcyamos) manuai of . ., 051267(C) i 1-1187-78 . ... ’
Automated 3259 or 3252 \ 4270 . 1-2187-78
17 Chidnne—Total resdual. mg/L | ! : . , i
Tiinmetnc smperometnc ' 3391 . 408C , D253-76(A) ... ... | . 1
Siarer ard pont 330 2 ; angs o |
iodometnc o 3303 PLYYS D1253-75(8) o |
DPO FAS . 3304 , 4CAD . C e e v
Spactrophotomatc, DPO. or 3305 ' 408E . i) !
Elovtroge . e ™)
18 Cromeum VI dissotved. mg/L. 0 45 mcron hive- | . ! l
hon Wi } I . |
Eatraction and a'o™mc abscrotion, of 2184 3038 C1-1272-78 . .
Cottrmetnc {Uiphenyicartazide) o 1 1-1230-78 . . '
9 Chomwum—Tota ! mg/L . | i
O g2s00n ? (1 puonatl enracton) lohowed by 2183 ' . g } .
AA A act 850w ALON L2181 303A or 3038 . L D1887-12(CY . i P 5871
AA fyrnace L2182 ! 304 e e 3 i
tnduct . ely coupled ylama i Method 200 7 *
Or coronmatne (Dipher .~ arbazsde) 3124 DUEAT-TTAY . s i s
20 Cohan—'at? mg.l Diyesvon tollowed by ' i '
AL ret asptaton 2191 , 3734 or 3638 } D35:8-77 (A or B) . 1-3240-78 ot 1-3239-78 . , P 37°
AA nrnate o '2192 1304 | S, [P .
Ingucvoly COUP0 pivsma . ! S . Method 200 7 ¢
21 ol platmum Cobalt units o Jominant wave I .
BGIR NUB HITHrEICS printy ! ! |
Coionmetar. ADMI 1o 2040 ! (L}
Patnum ontalt. or L1102 | 204A ! L 1-1250-78 |
Spectrohetometne 1903 2048 , .
22 Copoer— fowl?. mysL Cgeston® foowed by - : \ | [
AA a3 pvahnn 2201 , JO3A o 3038 1 D16€3-77 (D or €) L 1-3271-78 0 i-3270-78 P 55T and P 37 ¢
AA hrr e 2202 204 i [ . !
NGt vy POUURRY D1AS NE ! . | | Method 200 7 *
OV ol INGACUDIUINE) , . 3138 1068- 77(A} | |
B acrorrate B | N (e}
27 Cyan e - o0y inglL | \ |
Moapuat e, o0 wth gl 3352 . 4120 ! i
F i 60 Dy wrnnsing 3352 28 . P2zt
Ma-uii or L3352 . 412C . . i
Autra'ad 13 SpAChopnOOmaYC © 3353 412D . DUBE-I5AY $-3300-78 !
24 Cyacid; amanabie 1o | lornaton, m3eL Manuai | 3251 492F « D2035-75(B) .
dshiatin woh MAl, Fuitwed Dy Linmetnc ! ! !
Manugl o AUIOMAIEY ' Spn FIOPNOLOMBING i .
25 Fluode— ot mgsiL : | t
Marug 3 Llighon ¥ IELY L. .
Folomed by manual or 340 2 4133 ,01173-228)
Autema g siecirode . A . . 1-4327-78 '
SPACNS 3401 413C D1175-72{A) . \
M astomAated COMPIRIING Jan 3 4138 |
26 Gow~-THaid my L Tgeston? tolowed by ! i (
AA prect aspwation 2311 303A \ '
Or AA turnace 2312 304 ! N i
27 “arness—Totsl as ¢ aCow 1. L. } i |
At ated colonmatne 1391 | | |
ET™A treation 1302 1148 i C1126-623) ,1-1338-78 - . ‘
INOUCTN ety Soupie plasma ) j Method 200 7 *
O a0 80%0MMHN (8am L2151 , J03A . [1-3153-780
of Ca ad Mg as thew respectve casbonales! 2421 ' ‘ L 1-3448-78 ‘
7
Fé4
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TABLE F2.--LiST OF APPROVED INORGANIC TEST PROCEDURES—Continued

A . .

Parameter. units. and method

Relerence (method No. of page)

49. Phosphorus (slemental), mg/L Gu;hq‘nd chro-
melograpty

EPA 1970 Standard ethods 13 ASTM USGS ¢ Over
20 Hydrogen on (pH). pH units:
150.1 423 01203-78(A) or 01293~ | -1806-78 .....ccoceemenernens]
- To@). -
2. inaum-—Tow *, mg/L. Diguason® foliowed by:
A 235t 303A
O 235.2 304
30 ron—Toted *. mg/t_
Dig . 303A or 3038 01088-77.
AA drect 228.1 008 Cor Dy 338178 .| p.ssye
AA hamece. 238.2. 304 :
MM coupled pisama Method 200.7.¢
3158 D1088-77(A). )
3 W mmg.n—Yo'd {sa N), mg/L:
513 420A or B P 8520
Fm by raton 013 L 114 o FUR D35Se0-77.
or 3513 4178
Electrode. 3513 4\TE
A 3511
Sems-automated biock dgestor 351.2
Or " 3514
32. Lead—Totaid, mg/l- Owesbon ® fokowsd by
AA dwect 2391 J03A or IB............ccn...| DIS5V-78 (A OF B} ............| FIINW-TB ..............cernneeee | P, 5E7B
AA funace 2392 304
Inductively coupled pissma Method 200.7.¢
y* o 0355¢-78(C).
[v {On 3188
33. Magnesusm-—Tolal 3, mg/L: Digeston * followed
oy:
Atormc 2421 I03A D511-77(B) F3447-TB .........oonrrrcmsen | ¢. 5570
inductively coupied plasma Method 200.7.¢
3188 D511-77(A)
34. Maganese—Total *, mg/L: Digestion ® tollowed
AA drect 2431 303A0r J0IW.........ccorneme 0858-77 (B 0r C) ........c.on| 1-3454-TB .............cceoreea| P. 5578
AA furnece 24322
Inductvely coupled plasme Method 200.7.¢
Or P 3198 DB58-77{A) .| P. 5840
I 18.
35. Mercury—Total ?, mg/L:
Cold vapor, manusl or 245.1 303F 08223-79. EEC Y2 { — P. 550.%
245.2
38. Molybderumn—Tolal 8, mg/L:  Digestion *
lowed by:
AA drect 248.% 303C $-3490-78 ..........ceeennee
AA lumace, or 2482 304
ngductively coupled plasms Method 200.7.¢
37. Nickel—Total 2, mg/L: Dwgestion ® followed by:
AA deact 2494 303A or 3038 01886-77 (C 0f D) ..ccoorreer] 1-3499-T8 o]
AA umace 249.2 304
coupied plasms Method 200.7.¢
Or (t 3218
38. Nitrate (as N}, mg/L
Brucine sutlate, or 3521 D092-71 P. 5540
Netrate-ratte N munus Nitnte N See 39 and | See parameters 39 and | See parameters 39 and | Ses paramaters 0 and [ P. 20¢
40. 40. 40. 40. ,
39. Nerate-rvtrris (as N), mg/L-
Cadmuum (oduchon, MBNUBN................cowarmmserarmnren] 353.3 418C D3887-79(B).
Or or 353.2 A18F 03867-TA).......
353.1
40. Nrite (as N), mg/L
Spectrophotometne, Manusl of. 354.1 131 D1254-87 1.
[{e, 1-4540-78 ...........cocovmertrennne
41. Ov and grease—Tolal recoverable, mg/L- Grew- | 413.1 S03A ........
menc {extrachon).
42 Organic carbon—Total (TOC), mg/L: Ci 4151 505 D2579-76(A) or D2579- P.551% and P. 4.9
o oxdation. 78(8).
AGOanm:mogon(nN) mg/L: Total Kieidaht N | See parametars 31 and 4 ) 420A. .| DIS90-77 merwm 01426~ | Ses parameters 31 and 4 . PP. 552-52.°
THA).
44, Onhovho!phm {as P), mg/L: Ascortec scid | 3651 424G .| P 581°
method. sulomated
Or manusi single reagent or 3652 424F .. DS515-78(A)
Manual two resgent. 3653
45, Osmum—row' mo/L Digestion * foiowsed by
AA drect 521t e v BOAC .t crereseene e et ensn et e
AA fumace... 252.2 04..........
46 Oxvgen, r)uo'nd. mg/l_
Winkier (Ande 4218 .| D1589-80(A) ... ...ccc......n. { +1575-78 .. P. 5500
Or electrode ... a21F 1-1526-78
47 Paliadum -Tow *, mg/L. Drgeshon * (ol
by.
AA diract 2531 i i et esb b e msen e eeesrenaesnns e e+ s b P §27%
Or AA fumace 2532 ettt s | bt spassaere o] e P S8
48 Phenois. mg/L:
Manual A20 Voot D1783-7T0 (A r B) ... ... o~ 2.
Followed by manual .. . ... 4201 2.
Or " (4AAP) 420.2
2
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TABLE F2.—LIST OF APPROVED INORGANIC TEST PROCEDURES—Continued
Reterence (method No. or page)
Parameter, and methad
= £PA 1079 Sunderd methods 15 ASTM usas ¢ Othr
S0 Phosphorue-—Total, mg/L:
Py 9 o 365.2. 424C (h) P. 5610
FOUOWRD Dy MBNUBI OF ..........ocooerrncrirnremnmmmenee| 852 OF IB5.3ccoecnninnnnnes A24F 0515-78(A).
L] 365 1 424G
OF SOM-automated bIock iQestor ........ 654
51 Patnum—Total % mg/L. Digeshon * joliowed by:
AA dwect 2551 A
Or AA fumace . | 2552 304
52 Pousssum—Tow b, mg/L Dwgeston * toowed
oy
Atomec 2bSOMbon SR 2581 3A FIB30-78 .........oovennnrnirnen] P. 560.*
inductively coupled plasma ... Method 200.7.¢
Or fiame pf 328 D1428-84(A)
53 R-m—wld mg/L Gunmtnc |00-|05‘C 160.3 20RA
55 Remdue—nontiterable, (TSS) mg/L Gl.w- 160.2 2080
momc 103—|oscmmmo1m
56 mg/L (imhott | 160.5 200F ...
coNe) Or ravimetnc.
57 Rasdue—volatie, mg/L- Gravimetnic, 550°C ......... 1604, { RODE =3753-78 ...t}
58 Rhodwm—Total 3, mg/L. Drgeston * toliowed
AA dwect asp 265.1 WA
Or AA lumece 872 304
59 Rum»-You' mg/L Dptnon' followed
by
AA dwect R 2871 3A
60 Sdomum—l’oul . WL Oioutnﬂ toilowod by
AA tunance . 2702 304
Or hyonde.... ... .| 2703 303€ D3859-79 1288778 ...........ovcnrenrrinne ]
[ 3} S‘u——m mglL 0.45 rucron fiaton:
Foliowed by manual or .. 3701 425C .
M or e .
62 Sever—Total ?* mg/L. Dwgeston * folowed by
AA dvect 2721 J0JA or 3038 1-3720-78 ... P. 557" and p. 37.¢
AA furnecs, or 2721 304 SRR e
Inducvely coupled plasme Method 200.7.¢
83 Sodwum—Total *, mg/L: Digestion * followed by:
Alorme N 303A .. -3735-78 .| P. $61.9
Inductively coupled piasma Method 200.7.¢
Or fame pi D1426-84(A)
64 Specfic conductance, mhos/cm: 120.1 205 D1125-7T{A})..ccoovmrnncerennas F1780-78 .........nvnvennnnnnnr] P 5478
brage.
85 Sultate {(as SO.), mg/L.:
A thylthy biue. 3752 1-2822-78 ...
. Of 3753 420A or 4268 D516-88(A) PP. 562-83.*
T 3754 426C D516-08(8)
€6. Suifide (as S), mg/L:
mmm.nc (odne) or ... . are.t 4270 . =3640-78 ..........oeec. e f
-7 OO 3re2 427C
67 Sdﬁh (a3 SO.). mq/L Tinwmetnc (iodine date) ..( 377 1 428F .. .. 01339-78(C).
6. S , mg/L. C y | 4251 $12A D2330-68(A)
69. Terperature, 'C.. Thermometric . 1701 212 9.
70 Thakum—Total.* mg/L. Dgunon' !ollowoo by
AA direct aspw 27191 303A
AA !um-eo. or.. 2782 304
Inductvely couplod plasme Maethod 200.7.¢
71 Tin—Towal.* mg/L: Drgestion * tolliowed by:
AA droct or. 821 303A =3850-78 .............cocoreernen -
AA fornace .. .. 2822 304
72 ‘rnanum—ToW' quL Dloom foliowed by
AA et 21 303C.
AA turnuce SR 283.2 304 ... et
73 Turtdty, NTU N 180.1 214A. D1889-71
74 vanadwn—Total,® mg/L: Dgosuon ? followed
by
AA dwect aspeabion . ... . 2681 203C.
AA tunace .. .. 2882 304
Inducivaty coupled plasme Method 200.7.¢
Or cotonmetnc (Gaihc sod) . . D3373-78
75 Znc--Towl? my/L Dvomon fonovnd by
AA direct aspratond 2891 .| J03A or 303B............ccccounn D1691-77(0) ......cooeoerennen. | 3900-78 ... P SST A
AA furnace e i ]| 2892, 304 01681-77{C). | P 3re
inductvety coupied plasme . - Mom 200.7.¢ .
Cr1 cclonmetne (Zincon) . .. ... . .

.
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TasLE F2.—LIST OF APPROVED INORGANIC TEST PROCEDURES—Continued

' for Analysis of Subx Fhvel Sediments.” US Depariment of the Inlencr, U S. Geological Survey, Open-File Report 78-879. or “Methode
"‘.n of Inorgenec S nwwuﬁme NW Shougstad, e &/, US. pcal Survey. uwummmamm
s Ofcisl of of the of Officiel Anslyacal Ciy 3 manue. 1 d_ (1960)
°Mumummmwm-m:mcmz W 97I -] ﬂ? organic-metel
Two h A0 gven n Cherrucal Aalyans ot n-uuw.-m| One u:).-lw?m ions woorous dgeston
vang nanc and hydiocholont acude (§4.1.4) i preferved: however. 1he anslyst should be caueoned that & M&;‘oﬂm m!nm
[ = 0 be yed, t m ,nmuuwmumnmnm-nnw e 0 be
“"‘"mﬁ‘“wm::m.&'ﬁ.w.wmm um’ he noble metsss, nmmnnu'wlmu.mu"
., -
and vt ol casts (he method wite-up should be for specshc and/or *
h&lhh.“‘ for direct or graphite furnace sfomic sbeorpiios snalysis incuded in one of the other approved relerences is diferent than the above, the EPA

motals &re defined a8 %1000 constituents which will pase Ywough 8 0 45 micron membrane Wher. Following firetion of the sample. the referenced procedure for total metals must
hﬁun-uw?mdn”hwmwwdnmwmhmm‘nhwumwmammnnu

ICP analyses provied e sample has s low COD and the meets the following criena:
(a) la visibly ransperent
) Hea no perceptible odor, and
2 free of purbcuige or W‘M‘
198 uuumzoo “inductvely Coupled Atormic Emission Spectometnc Method for Trace Elsment Analysie of Weter and Wastes,” is given al Appendix C of this Part
¢ Manusl distillation is not [ deta on ofuent e 10 show that this disaligtion is not ;. however,
\ﬂbo M comparability o”e on prefiminary otep ACESNry.
‘m‘mw MWWWM“FMII“N‘ yzor H, T S New York
G oxygen de m)mmumnuwmuunnnmwwmmunwmuma
wmmhvﬂﬁabmnmm wmm reporing the mmmw.mm e procedure
reporeng mowm-m-mwm CBOD, # ragured con the permetins reporn dais obianed uamg the NANACANON INKAGY.
EMWZWHAMMANSI 1430 Broadway, New York, NY 10016.
OThuudmmmmmnt uu
'* Chormcal Oxygen Demarxd, Method 8000, Hach Handbook of Water £.0. Box 389, Loveland, Colorado 80537,

11 COD Method, Internatonal mw.nuna.woaazmcmpsumfmnw
-tmmMuubm
wc«mﬂunmmuuwmmu Techrucal Bulletin 253, Decomber 1971
Bicnchornate Method 8508, Hach

3 Maethod, muw-unmmn MWM P.0. Box 389, Loveland, Coloredo
S After the menual distilation s compieted, the mmnwmmwmmumnmuu
. Whan umng the mandold mmnmmnsummazmum
'“;:WIMMW Nethod, industrial Method Numbes 378-75WA, October 1978, Technicon Auto-Anelyzer i, Tecthn Y \, New York
:'um'uo-mmwwm'm charw P.O. Box 389, Loveland, Colorado 80537.
' Manganese, Penodale 8034, Hach ¢ Y 1979, pages 2-113 and 2-117, Hach Chemical Company, Lovelend, Colorado 80537
:: OIME %umuMW'w us. ;urvq' uwu-mm
.. n Water,” US. o 3 '73
"R.F.Mmﬂ.d.ndunm."mmmdemwwmwmmm Joumal ot Orormw Vol. 47, No 0p. m-azo 19
bl for the of eiver n o 1WLNMnm silver exsts a8 nwwn:
haddes such as the ond ”e such a8 neinc acxd but are readily soluble in an aqueous bulfer of sodium thicsuliale end Whlpﬂ
unzm.umu“mqwLmuummmmn\mummwumuzummam Stenderds should be prepered in he
same manner. For levels ol miver below 1 mg/L the w» satataciory.
% Stavera, H.H., Ficke, JF., and Smoot, G F., wu-rmmFmFm ond Oats " U.S. gical Survey, of Water.
nvestoatona, Book t, Chapter D1, 1975.
24°2Znc, Zncon Method, Method 8009, mmuwmmwnm-z-mmzmwwmwmm
2 S \pp and Cited by the Unaed Staies Agency,” 10 the Ffweenth Edon of Sim for e
of Waler and Wastowater ( 1961). i
--mww-ud‘dn~ for the Water and Wastewsiwr, 14th Edition. The -.wd'oo:ozm
methods are grven On pp. n-muv.umsmmmuumwsmsmnmwmouws for the manuat
2 ORION R _ Manusl, . Chiorine Elecvode Model 97-70, 1977, Onon R 840 el Orive, C L a2138.
F7
e ookl ® 22 a2 22 . SR LRI )
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TABLE F3.—Li1ST OF APPROVED TEST PROCEDURES FOR NON-PESTICIDE ORGANIC COMPOUNDS
EPA Method Number ¢ *
Porameter ! Other
ac GC/MS HPLC
1A 810 625, 1625 810
2 A Y X [111] 825, 1628 810
3. Acrolew .. 03 4624, 1624
4. Acry [ ] 4624, 1624
s. 010 625, 1028 00
6 B . 602 624, 1624
7 B 4825, 1625 605 | Nowe 3,p. 1;
8. & 610 625, 1625 610
9 6. 810 625, 1625 610
10 B 810 825, 1625 10
1t 8 g yiere ... 810 625, 1625 "o
12. B 610 625, 1625 810
13 Benzyt Chionde Note 3, p. 130;
Note 8, p.
8102
12} Butyl Ph [ ] 625, 1825
15. Bs(2: 611 625, 1625
18. Bis{2-chioroethyl) ether o1t 828, 1825
17. 8s(2 Y 608 625, 1625
18. 8 601 824, 1624
19. Bromotorm...... ... 601 624, 1624
20. 01 024, 1824
21 a ¥ ether ott 625, 1625
22 Cavon 601 624, 1624 Note 3, p. 130,
23. 4Chioro-3. y 004 625, 1625
24.Cn 601, 802 624, 1624 Note 3, p. 130,
25. Cl 601 4, 1624
26. 2.C yhvinyt ether 801 624, 1624
27. 601 624, 1624 Note 3, p. 130;
28 C 601 X
29 2-Ctioronaphthaiane ...... 812
30. 2Ch 804
31 4Ch vl ethes 811
32 Chrysene ... 610
kX] 610
34 Dibromochiofomathans ......... ... 601
35 1.2 601, 602, 612
36. 1.3-On 601, 602, 812
37. 1.4.D . 601, 602, 612
38 3,3-O .
39. D! 0t 801
0. 1,1.0 . 601
4 1.2.D 601
42 11D . 801
43. vans-1.2-Ow 801
44, 2.4-On ol i 804
45, 1.2.0¢ 601
48 c19-1.2-D 60t
47 wans-1,3-Dr OTOP 801
48. Dvethyl phthaiate .. ... ... 608
F8
aa-a a oy P




TABLE F3—LIST OF APPROVED TEST PROCEDURES FOR NON-PESTICIDE ORGANIC COMPOUNDS—Continued

EPA Method Number * *
Parameter * Other
GC GC/MS HALC
49. 2.4-0i 04 a2s, 1625
50. Dimethwi pt 608 25, 1625
51. Drodutyl pt 08 25,
52. Di-n-octyl [} 025,
53. 2.4Dn 804 825,
54. 2.4-D: 609 625,
55. 2,8-Dinv 609 €25, |
56. Epict yory Notwe 3. p. 130;
ot 6, p.
8102
57. EUWIIONZON .. ... ..o oesinssomssomsss o888 A 1 RS LR s | 602 624,
58 F 810 25,
59. Fluorene 810 625,
60. 812 a2s,
81, 012 625,
62, 812 825,
3. b 812 25, |
84, 810 825, 1825 810
65, 825, 1628 |.... .
66. Methylens CNOND®. . ... .. oo . 801 824, 1024 Mote 3, p. 130;
67. 004
€8, 80
0. 09
70. 604
7. 604
72, 607
3. 607
74 07
5. 811
78, 608 Note 3. p. €3
” 608 Nows 3. p 4.
78 608 .| Nowm 3. p. 43,
™. [ ] Now 3. p 43
80 808 . | Nowe 3. 9. 43
a 608 .| Nots 3. p. 43,
a 608 | Nowe 3. p 43
83 604 Note 3, p. 140;
[ 810
85. 604
88. Pyrene . - . 610
87 23,7.8-Tetrachiorotibenzo-p-choxn .. -
88 1,1,22-Tetrachiorosthane ... 801
9. Tetrachioroethens . .. 6ot Note 3, p. 130;
90. Towene . .. . 602 .
91. 1.2, 4-Tnchiorobenzene a2 Note 3. p. 130;
92 1.1,1.Tnchicroethane 01
93. 1.1.2-Tnchiaroethane 601 Nowe 3. p. 130;
84 Tnchicrosthens 801
95. Tnchiorofiuoromethane 001
96 2.4.6 Tnchiorophenot 804
97 Vit Chionde . . 601
por e {ug/l)

'Tm ot of Momom smln'.) 624, 625 1624 and 1525 358 gven at Apper A, “Test Pr for yss of Organc Pollutants,” of thes Part 138 The standardzed teet

rw'cmb:usﬁﬁbmmmmoamacwmtw.|varmu'lp-ocmnu¢~mal 8. "D and for the O of the Method Detecton
sret. cf trws Pant 13
> ‘Methods far Benrxne Chionngted Orgarsc Compourvis Pentachiorophenol and Pestoides  Water and E Py Agency, mber, 1978,

wa'M;m’:;:)’;;:qbooﬂmmuymumwwmwwm However. M\ov\meyunknownlob-.rm mwummmmmm-w

or M

*Methad 625 may be 10 nciude N. v ond N Y However, when they ere known 1o be presend,
Methods 645 607 and 612 muomoowzs vopva'ur‘nnmhoo:wmsnwﬂwm

625 Screamng only

* 'Selecte) Analytical Methods Approved and Ched by the Unded States Ervwonmental Protection Agency.” Suppiement 10 the Friteenth Edon of Meoth for the
of Wnnr and Wasiowalar (1981)

‘Each analysl mus! make an wrthal, 0ne hma. demonstrabon of thew abridy to aco sccoplable precisnn and accuracy with Methods 601-813, 824 625, 1624, and 1625 (See Appendix

A Of tws Part 1961 n Bccordancs with procedures sach « section 8 2 of each 0f Mess Mathoos Addmonaly each iaboratory. on an on-Qong bases must spike ang m. 10% (5% for
Methods €24 and 625 end 10U for mathods 1624, and 1625) of alt sampies 10 MOMtor Shg evaluate 18DCAAIONY dAte Quakly i BCCOrTance with sechont 83 and 84 o{ fethods When

the cecavery of any parameter s ouiside the wiiming kmuts. the anelylical resuits for that parameter N the uNSked SAMPIS e BUIPeCct Bnd cannot be
comphance

NOte. — These warrng Wrruts e promuigated 28 an enm fnal SCHON with & request for cComments ~




TABLE M.—LIST OF APPROVED TEST PROCEDURES FOR PESTICIDES !
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TaBLE F4.—LIST OF APPROVED TEST PROCEDURES FOR PESTICIDES ' —Continued

i T T
| \ T Standard
Paremeter ug/L) Methoa ‘ EPAYY Mnihoos ASTM Other
15t Ed

. - 625
625

;

5
888888 : 8%

74 . [ Note 3, p 25, Note 8. p SS1
L6e . o - Note 3. p 25. Now 6, p. S51.
. JURPRRURRPIIN S . 25, Note 4, p. 30; Nowe &, p.

118,

Endnn aidehyoe

24
25 N 30, Nowe 8. p. §73.
28 Dxchioran . T
27 Dot ... . L - [
28 Dwidrny P 7. Now 4. p. 20
29 Oraxstreon [ VN 30, Note 8, p. S73.
30 Owusttoton . ., Now 8. p. S5
31 Owron RS 104; Note 8, p. S84,
32 Endosutten | - l 1.
33 Endosuitan it . 1 T
34 Endosuttan sultate i

|
35 Endm ! 7. Nows 4, p. 30

1
2% i

|

1

i

|-
i
i
\
!
37 Etrwon - Vo * I Note 4 p 30 Now 8 p. §73
38 Femson AN [ . | Note 3. 0 104; Note 6, p 554.
39 Fenuron 1CA . LT . P V- ,Nole 3,0 104, Noke 8. p S64.
40 Heplachior £¢ 608 SOYA | m{mln.l.mt.;n
G MS €25 - -
41 Heptachior epoxoe €18 . 508 S094 03066 | Nole 3. 0. 7. Nows 4. p 30: Nowe &. p.
| ' | | s73
42 sodn IS TN ¥ Y & g R
it , i ... .| NoW 4.0 30, Now 8. p S73
43 Lnuron (PR SN , ..,,,.,_.”fmna.ptu.mo.psu
44 Malathwon " SO9A | .o .Iuons.o 25.Note 4. p 30, Nowe 6. p.
: 51
45 Mettwocart : . 1 NoW® 3. p 94; Nowe @, p. S80.
48 Metnoxytwor . S09A | DI06S | Now 3. p 7. Nowe 4, p 30
47 Mexacarbate , R ! . | Note 3. p 94, Note 8, p S60
48 Mrex } SO9A | e i NOWB 3. D 7
Ll Tit H | Note 3. p. 104. Nowe 8, p. S84
S0 Mormwon TCA Tt ) 1%3.9!04‘%049564
S1 Netwron e ) Now 3.0 104, Now 6. p 564
$2 Puratheon mettryl e . S09A 1»*3.5 25 Now ¢, p. 30
S3 Parattuon ethyd o WA Note 3.0 25
4 PUNB « SUYA | |Note 3. p 7
55 Perthane 3 { 03086 |
56 Prometon . i | Note 3. p. 83. Note 6, p S68.
57 Prometryn w ! ‘mt-:\pwuons.asu
58 Propanne K] . Note 3. p 63. Now 8. p 568
59 Propham "L , ! Note 3. p 104. Note 6, o S64
80 Propons ToL Nowe 3. p 94, Nowe 8, p S50
81 Sactumeton . . . Note 3.p 83, Now 8. p S68
62 Sehwron : . . Note 3.p 104, Now 6. p 564
63 Swnarme . : ' . [ Note 3, p 82, Note 8, p. $88.
64 Stobane ol 509A . Nowe 3. p 7
65 S . : | Ncte 3. p. 104, Note 8. p S64.
8 2457 - %68 | Note 3.p 115 Nowe 4, p. 35
67 245 TP 1Siven) o N I Now 3 1 115
68 Tarbuthyanne e . No\e 3, p 83 Note 8. p SG8
69 Toxaphwne I bk 5094 [»qu:No!c 3.p 7. Notedé p 0O
o o
70 Trfurain ' LRV INoww3d. 0 7
—————— - - - - - . . - — — A

* PostcuiAsy ar@ kSt in TR (abie Ny Cormen rame e T rorman:
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TABLE F5.—LIST OF APPROVED RADIOLOGICAL TEST PROCEDURES

Relerence (methad No. o Pege)
Parameter and units Methods EPA Stancard
Maethoas ASTM USGS *
15th Ed.
1. Aipha-Total, p© per liter 703 | D1943-66 | pp. 75 and 78.°
2 Alphe-Counting eror, p* per liter 703 | D1943-68 | p. 79.
3. Alphe-Counting eror, p™ per ier 703 | D1850-88 | pp. 75 and 72.*
4. Beta-Counting error, p™ per liter 703 | D1890-86 { p. 79.
S (m) Radum-Tota, p© per liter 705 | D2480-70
bY22Re, B per ber 708 | D3454-79 | p. 81
: cribed Prox tor of Radoactivity in Dnnking Water,” EPA-600/4-80-032 (1960 update), U.S. Envircnmental Protection Agency. August 1980.
" Fishman. M.). and Brown, Eugens. “Selected Meothods of the US. Geoogicsl Survey of Analysis of " US. Survey, Open-File Report 76-177 (1976).
'ImmMmp.umwnmmeommmmmeMmp.n only the susp d porton. Th the two resuits must be added 10 obtmn the

"ot
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TaBLE F6—REQUIRED CONTAINERS, PRESERVATION TECHNIGUES, AND HOLDING TIMES

o Cook, 4°C . S
HNGy to pHc2 |

Parametr No./name ' Contasner | i Presarvation ¢ ¢ Manrnum holdng sme *
e -
Tabile (A—Bactenel Testx: i
1-4. Collorm, tecal ana totad — PG
S. Fecal ®.G
Tabis B—inorgarec Tests:

1. Acy. le G

2 y PG

4 PG
PG
(PG
PG
PG
PG
P G
PG I

© PG .. Cool, 4°C an,uzoﬁmm'
PG . CUHNGy 10 pH < 2, HeS04 10 pH < 2
- PG None requered -
90 ARG iwx.rc.n.so.mpua,
‘PG
G
O

LR

358, 10,12 13, 19, 20, 22, 28, 76, 30, 32-34, 36, 37, 45, 47, 51, 52, 8-

80, 82, &3, 70-72, 74, 75, mmmw.mm P
Nrate ... PG o L &'C
m .............. . G oo Caxn, 470 H,SO.H’PN«Z.. 428
News PG ..} Coon 4°C 48 houwrs.
Od and grease p . Caol, 4°C, H:S0, 10 pH«.2 *zam
grt:cm.. PG .1 Coot N(‘mH.SO.hpN(Z Do.
oeph . G - | Fitter mnod-a'w Cool, 4 48 hours.
Oxygen, Du Bome andtop. .. ... | None requred . Analyze ynmedigtely.
Winkies . . . F.-my'emds'ounm -
:'-l).. [ ‘(»oa 2C WSO, o pH - 2

'» 1,50, to pha 2

YVVVOVVTLVIUGCO, HVEODVDD

Jouin
i ig gig

232 8322‘5&&!’&83838:%:888

AR R R

73 Turtety .
Tabie IC—Orgar: Tosts *
13, 18-20, 22, 24-28. 34-37. 3943, 4547, 58, 66. 88 89. 92-95 97

~ E)——M il

. Helocarbons. !

57,90 Purg y a0 o COOL 4°C. 0008 NE&S:0y% b t0 pH2® Do.
2. 4, Acrolen ana scrysornie e o0 1 Cook. 4°C, 0.008% NayS:0,®, Adusst pH 10 4-3 1 Do.
23,30, 44,49, 53 67, 70. T\, B3, ‘5 o6 M " . S Tetun-kned cap | Cool. 4°C. 3 008% NayS«3O,*

t
7. 8. Banndnes ' e v i e ! 0 i do "
14,17, 48, 50-52 Phihaiawe estecs” . .. . e P 1 Coct. 4°C
| |
I ;
i oo " Cxd. 4°C. stors n derk. 0 000% NavS,Che,
do L Cook 471 . PN
do T Lot 470 DDNB% NarSyO ' 318 1 OOk
4] a0 . e .
15.18. 21, 31, 7S Haioethens "' g0 (o 4°C C008% NaySiOy* .
29. 35-37. 80-83, 9 Wrnw - - -] Cool 4°C
87 TCOD ' D . do . Cool. 4°C. 0 008% NaSKh?.
' o ( i [
1-70 Peshodes ' . .. L do e A &°C pH S .
o . ‘ f © s e
1-5 Aipha deta and radhm - e e e PG e e HNO. w0 pHc 2 [T N " 8
o —de - - RS —
‘Polyathyteng (F) o (Glaxs (G
1Samee resarvanor SHrKE DE DV torimed rmunadiiglety 00N R3S L OV Tk e o o g m B i s'v # LE 3 PserveY al (M2 tma of coTlachon When use a'

GO MPULhnG 33 samule splitirg 8 comp' 2id

A WG SarOket makes 4 D aiG 10 e L orve OACT A L L DT R AL K
1 of Transportaten Hazardous Matenais Reqnations (49
Hazardous

TWhen any SamEie 3 10 DA SIUDESK] Ity CoxrWmNN Car ikl (¥ 00 Iagh the (i el St anes \A 3 d
CFR Part '/ " "o¢ pewson Ners 5N caenm tor na-«ow ANOT 1 TARIOrSTAe i Ry t FAT IR e B sw\a'xw requremants of Tanie ), iba O Ce of
Matenals Mprtarais Tracenorancn Bireau [ orantment of TrANSOOIATON Aas 8ot T Tl T s e Wb oA R ad oty B0 N apty 10 T8 Jutoang mate ls  Hyseochl e aad
{HO1) in wattr SO NONS 81 CONCENTTALONS OF iM% Dy wennt o ©5s (OH phout 1 @ et ot N!u o e ) T At € mus &t roncentrations ot 3 15% by weaght of ».13 (PH sbout
162 O qroateny Fuitoac Boal bS0d 0 wa'de SHGUORS A LONCENIAIONS G 111 Wy wes f aw ey prt atawt 10 00 ettt and bodwm hydroxde (NaOH) i waler soluhons et

concentraning 9t 1) 1% Dy wanhl Of 1058 1o At WA 17 1D sy
TSAMOIES SNOUKT B ANANVZET 88 SHOR 47 LIS B L TIIE THG B L et AR e e e QY S oPhsA T Le fedd botoea anchyers and st b considere-t vakwy Samoles
May he Nah 10 IONQY BT arts 0NN B ING Gt O MNP At i Aty TR 1ATA DN 146 0 how Al e s U SIUTY 276 Stolve lor the onger tme. and Ras
(aCEnd B vENANCE KoM 10 Haage 120 A JFuoesti2 fr Unaar § 140 el S me A 1 AN e Bt e for e . ne 1able A permunes, Of MOn.'0NG lahoratory. @
QDA 10 NOMS 1he SBIMDIR 1O B SMOMA ™ 1 AN whx KM #3515 10 SNOW Fal Fih & i MSRATY I AN AT L el Setaly
TSROU] Ofiy DB L) N IRE DIPAARR 1Rt 8
M AU ROI) 18 18 24 Cours when s e s 6esant
M osihe 3 voeant 1 Lan (M ramoved by the actdin w8y
T 34r0ks WNOn AT D0 B siad Mmmenately on Gt Dtea A e CER RTINS
Paw 1IN A ADL 10 AMIeS 10 DO ANAVIAD Dy L X o Mo e
TSAMAn T 8 G Fa) DE IUSIME TS DR ANAY IR W 0 0 s ALS R0
CTre L gl At M 0L rAUmed A o wal St D Cueg
T When e At iU BN1YA8 60 L e il witn 8 A
ATDIe ntignty  WHhAr Na AneryTas Of ¢ caer 1941 NN A W S
Mensuate S onng v the ek 3l @ asiin 3 TPe pH 10 B SArINES wrser
S OPYING Dreservation and NOM G N QrOrechnrg 818 FOtd o fie neda e
bennt-os)

P P I L

L4 e ustm F1S N Aeear 10 determang A 3ARCa 18 Dresent
Che ® teag 233 then NAOM 8 adued 0 pH 12

* enth @80 A -

iy B wamyany, AL
gt et

W< AY stcom noat be analimd wiwn 3 days of samphng
S E Gewg LT SEOKGRD D asnvedd 1OF ontmu safeguald of
Ty ney, o oy cael o (Ponne wth O J0A% codum
L omet et o acd bor farly Jave afler @xtacton Excephons 10
W N a4 SOne) and rotnoies 12, 13 (ra the araves of

T ) A RAn oA m oty 1 Be oAt Adp a1 T OO A ca i T 4T Y aag e e T tre
TR AUAS may he e i b T GAVE DEINES GOAlyses T ST LA S Lo Tl e i B Tt
CE O The ANAYS f P IRl e aad L JORN NAL o Bt At oo T R R R e
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